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EXECUTIVE SUMMARY 
 
 
Background 
The onsite treatment of sewage and effluent disposal within the premises is widely 
prevalent in rural and urban fringe areas due to the general unavailability of reticulated 
wastewater collection systems. Despite the seemingly low technology of the systems, 
failure is common and in many cases leading to adverse public health and 
environmental consequences. Therefore it is important that careful consideration is 
given to the design and location of onsite sewage treatment systems. It requires an 
understanding of the factors that influence treatment performance. 
 
The use of subsurface effluent absorption systems is the most common form of effluent 
disposal for onsite sewage treatment and particularly for septic tanks. Additionally in 
the case of septic tanks, a subsurface disposal system is generally an integral component 
of the sewage treatment process. Therefore location specific factors will play a key role 
in this context. 
 
The project 
The primary aims of the research project are: 
• to relate treatment performance of onsite sewage treatment systems to soil 
conditions at site; 
• to identify important areas where there is currently a lack of relevant research 
knowledge and is in need of further investigation. 
 
These tasks were undertaken with the objective of facilitating the development of 
performance based planning and management strategies for onsite sewage treatment. 
The primary focus of the research project has been on septic tanks. Therefore by 
implication the investigation has been confined to subsurface soil absorption systems. 
The design and treatment processes taking place within the septic tank chamber itself 
did not form a part of the investigation. In the evaluation to be undertaken, the treatment 
performance of soil absorption systems will be related to the physico-chemical 
characteristics of the soil. Five broad categories of soil types have been considered for 
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this purpose. The number of systems investigated was based on the proportionate area 
of urban development within the Brisbane region located on each soil types. 
 
In the initial phase of the investigation, though the majority of the systems evaluated 
were septic tanks, a small number of aerobic wastewater treatment systems (AWTS) 
were also included. This was primarily to compare the effluent quality of systems 
employing different generic treatment processes. 
 
It is important to note that the number of different types of systems investigated was 
relatively small. As such this does not permit a statistical analysis to be undertaken of 
the results obtained. This is an important issue considering the large number of 
parameters that can influence treatment performance and their wide variability. 
 
The report 
This report is the second in a series of three reports focussing on the performance 
evaluation of onsite treatment of sewage. The research project was initiated at the 
request of the Brisbane City Council. The work undertaken included site investigation 
and testing of sewage effluent and soil samples taken at distances of 1 and 3 m from the 
effluent disposal area. The project component discussed in the current report formed the 
basis for the more detailed investigation undertaken subsequently. The outcomes from 
the initial studies have been discussed, which enabled the identification of factors to be 
investigated further. Primarily, this report contains the results of the field monitoring 
program, the initial analysis undertaken and preliminary conclusions. 
 
Field study and outcomes 
Initially commencing with a list of 252 locations in 17 different suburbs, a total of 22 
sites in 21 different locations were monitored. These sites were selected based on 
predetermined criteria. To obtain house owner agreement to participate in the 
monitoring study was not an easy task. Six of these sites had to be abandoned 
subsequently due to various reasons. The remaining sites included eight septic systems 
with subsurface effluent disposal and treating blackwater or combined black and 
greywater, two sites treating greywater only and six sites with AWTS.  
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In addition to collecting effluent and soil samples from each site, a detailed field 
investigation including a series of house owner interviews were also undertaken. 
Significant observations were made during the field investigations. In addition to site 
specific observations, the general observations include the following: 
• Most house owners are unaware of the need for regular maintenance. Sludge 
removal has not been undertaken in any of the septic tanks monitored. Even in the 
case of aerated wastewater treatment systems, the regular inspections by the supplier 
is confined only to the treatment system and does not include the effluent disposal 
system. This is not a satisfactory situation as the investigations revealed. 
• In the case of separate greywater systems, only one site had a suitably functioning 
disposal arrangement. The general practice is to employ a garden hose to siphon the 
greywater for use in surface irrigation of the garden. 
• In most sites, the soil profile showed significant lateral percolation of effluent. As 
such, the flow of effluent to surface water bodies is a distinct possibility. 
• The need to investigate the subsurface condition to a depth greater than what is 
required for the standard percolation test was clearly evident. On occasion, 
seemingly permeable soil was found to have an underlying impermeable soil layer 
or vice versa. 
 
The important outcomes from the testing program include the following: 
• Though effluent treatment is influenced by the physico-chemical characteristics of 
the soil, it was not possible to distinguish between the treatment performance of 
different soil types. This leads to the hypothesis that effluent renovation is 
significantly influenced by the combination of various physico-chemical parameters 
rather than single parameters. This would make the processes involved strongly site 
specific. 
• Generally the improvement in effluent quality appears to take place only within the 
initial 1 m of travel and without any appreciable improvement thereafter. This 
relates only to the degree of improvement obtained and does not imply that this 
quality is satisfactory. This calls into question the value of adopting setback 
distances from sensitive water bodies. 
• Use of AWTS for sewage treatment may provide effluent of higher quality suitable 
for surface disposal. However on the whole, after a 1-3 m of travel through the 
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subsurface, it was not possible to distinguish any significant differences in quality 
between those originating from septic tanks and AWTS. 
• In comparison with effluent quality from a conventional wastewater treatment plant, 
most systems were found to perform satisfactorily with regards to Total Nitrogen. 
The success rate was much lower in the case of faecal coliforms. However it is 
important to note that five of the systems exhibited problems with regards to 
effluent disposal, resulting in surface flow. This could lead to possible 
contamination of surface water courses. 
• The ratio of TDS to EC is about 0.42 whilst the optimum recommended value for 
use of treated effluent for irrigation should be about 0.64. This would mean a higher 
salt content in the effluent than what is advisable for use in irrigation. A 
consequence of this would be the accumulation of salts to a concentration harmful to 
crops or the landscape unless adequate leaching is present. These relatively high EC 
values are present even in the case of AWTS where surface irrigation of effluent is 
being undertaken. However it is important to note that this is not an artefact of the 
treatment process but rather an indication of the quality of the wastewater generated 
in the household. This clearly indicates the need for further research to evaluate the 
suitability of various soil types for the surface irrigation of effluent where the 
TDS/EC ratio is less than 0.64. 
• Effluent percolating through the subsurface absorption field may travel in the form 
of dilute pulses. As such the effluent will move through the soil profile forming 
fronts of elevated parameter levels. 
• The downward flow of effluent and leaching of the soil profile is evident in the case 
of podsolic, lithosol and kransozem soils. Lateral flow of effluent is evident in the 
case of prairie soils. Gleyed podsolic soils indicate poor drainage and ponding of 
effluent. 
 
In the current phase of the research project, a number of chemical indicators such as EC, 
pH and chloride concentration were employed as indicators to investigate the extent of 
effluent flow and to understand how soil renovates effluent. The soil profile, especially 
texture, structure and moisture regime was examined more in an engineering sense to 
determine the effect of movement of water into and through the soil.  
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However it is not only the physical characteristics, but the chemical characteristics of 
the soil also play a key role in the effluent renovation process. Therefore in order to 
understand the complex processes taking place in a subsurface effluent disposal area, it 
is important that the identified influential parameters are evaluated using soil chemical 
concepts. Consequently the primary focus of the next phase of the research project will 
be to identify linkages between various important parameters. The research thus 
envisaged will help to develop robust criteria for evaluating the performance of 
subsurface disposal systems. 
 
 vi 
 
ACKNOWLDGEMENTS 
 
 
The authors gratefully acknowledge the contributions made by the following to enable 
the successful completion of this phase of the research project: 
 
• The individual house owners who agreed to participate in the monitoring program. 
Their cooperation was absolutely essential for this project. 
 
• Mr Ralph Woolley of the Brisbane City Council for his continuing assistance and 
understanding. 
 
• Dr Usha Pillai McGarry of the University of Queensland and Mr Dennis Baker, for 
their assistance in interpreting the mysteries of soil chemistry and helping to add 
another dimension to the analysis undertaken. 
 
• Mr Bob Gray and the laboratory staff at Brisbane Water for undertaking the effluent 
sample testing. 
 
• Ian Grant and the laboratory staff at the Department of Natural Resources for 
undertaking the soil sample testing. 
 
• Messrs Dean Butler and Steven Carroll for all the hard work they contributed 
towards the project. 
 vii 
 
ABBREVIATIONS 
 
 
AWTS  aerobic wastewater treatment system 
BOD  biochemical oxygen demand 
EC  electrical conductivity 
ESP  exchangeable sodium percentage 
N  nitrogen 
nd  not detected 
ns  not sampled 
SAR  sodium absorption ratio 
TDS  total dissolved solids 
TOC  total organic carbon 
 
 viii 
 
CONTENTS 
 
 
1. INTRODUCTION        1 
1.1 Background        1 
1.2 Background to the Report      2 
1.3 Report Objectives       2 
1.4 Scope and Outline of the Report     2 
 
2. THE OVERALL RESEARCH PROJECT    3 
2.1 Aims and Objectives       5 
2.2 Scope of Work       5 
2.3 Rationale for the Study      6 
 
3. MONITORING PROGRAM      8 
3.1 General Comments on Soil Characteristics    8 
3.2 Site Selection        9 
3.2.1 Identification       9 
3.2.2 Selection criteria      11 
3.2.3 Locations       11 
3.2.4 Soil characteristics at the study sites    17 
3.3 Field Monitoring       18 
3.3.1 Piezometer installation     18 
3.3.2 Effluent sampling      19 
3.3.3 Soil sampling       20 
 
4. INITIAL TESTING PROGRAM      20 
4.1 Objectives        20 
4.2 Parameter Selection       21 
 
5. FIELD OBSERVATIONS       24 
5.1 Site Specific Observations       24 
5.2 General Observations       33 
A. Ongoing maintenance of treatment systems   33 
 ix 
 
B. Disposal of greywater.      33 
C. Lateral flow of effluent     33 
D. Subsurface characteristics     34 
 
6. EXPERIMENTAL LIMITATIONS     34 
 
7. RESULTS AND DISCUSSION      36 
7.1 Effluent Testing       49 
A. Effluent renovation      49 
B. Travel Distance      49 
C. Comparison with sewage treatment plant effluent quality 50 
D. Relationships with electrical conductivity   53 
E. Sodium Absorption Ratio (SAR)    56 
F. Comparison of different site results    57 
G. Inconsistency in parameter values    57 
7.2 Soil Testing        58 
A. Podsolic Soils       63 
B. Lithosols       63 
C. Gleyed Podzolics      63 
D. Prairie Soils       64 
E. Krasnozems       64 
 
8. SUMMARY OF KEY FINDINGS      64 
 
9. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER  66 
RESEARCH 
 
10. FUTURE DIRECTIONS FOR THE PROJECT    66 
 
11. REFERENCES        69 
 
APPENDICES 
 x 
 
LIST OF FIGURES 
 
 
Figure 1 Outline of the research project     4 
Figure 2 Location of selected sites      16 
Figure 3 A typical piezometer installation     19 
Figure 4 Site 1: Effluent sampling results     37 
Figure 5 Site 4: Effluent sampling results     39 
Figure 6 Site 9: Effluent sampling results     41 
Figure 7 Site 10: Effluent sampling results     43 
Figure 8 Site 18: Effluent sampling results     45 
Figure 9 Site 19: Effluent sampling results     47 
Figure 10 Graph of total dissolved solids vs electrical conductivity  54 
Figure 11 Graph of chloride concentration vs electrical conductivity  55 
Figure 12 Site 1: Soil sampling results      60 
Figure 13 Site 4: Soil sampling results      61 
Figure 14 Site 18: Soil sampling results      62 
 
 xi 
 
LIST OF TABLES 
 
 
Table 1 Predominance of different soil groups in the Brisbane   9 
urbanised area  
Table 2 Site selection criteria       11 
Table 3 Summary details of selected sites     13 
Table 4 Effluent and soil parameters measured    22 
Table 5 Analytical methods adopted for water sample resting  23 
Table 6 Analytical methods adopted for soil sample testing   23 
Table 7 Summary of site specific field observations    25 
Table 8 Effluent discharge values from a conventional treatment plant 51 
Table 9 Comparison with effluent values in Table 8    51 
Table 10 SAR values from Study Sites      57 
 
 
 
 xii 
 
LIST OF APPENDICES 
 
 
Appendix A Checklists Used for Field Monitoring    72 
Appendix B Soil Landscape Symbols      79 
Appendix C Site Layouts        81 
Appendix D Soil Bore Logs for the Monitoring Sites    99 
Appendix E Tabulated Results from the Effluent Sampling Program  141 
Appendix F Profiles of the Effluent Sampling Results     152 
Appendix G Tabulated Results from the Soil Sampling Program   185 
Appendix H Profiles of the Soil Sampling Results     192 
 
 1 
 
Performance Evaluation of Onsite Sewage Treatment  
Field Sampling and Preliminary Evaluation of Results 
 
 
 
 
1. INTRODUCTION 
 
1.1 Background 
 
The onsite treatment of sewage and effluent disposal within the premises is widely 
prevalent in rural and urban fringe areas due to the general unavailability of reticulated 
wastewater collection systems. The soil absorption area too plays a crucial role in the 
treatment of sewage. Despite the seemingly low technology of these systems, failure is 
common. In many cases this can lead to adverse public health and environmental 
impacts, which have been well documented in research literature. The major concern 
associated with these impacts is their insidious nature. Generally, the detrimental 
consequences are not immediately apparent. They would become obvious only after a 
period of time.  
 
Therefore in the interest of safeguarding public health and environmental values in an 
area, it is important that careful consideration is given to the design and location of 
onsite sewage treatment systems. It requires an understanding of the factors that 
influence treatment performance and the development of a predictive strategy for 
performance evaluation. This translates to a shift away from the current prescriptive 
strategies for the design and location of onsite sewage treatment to a more performance 
based approach. 
 
The use of subsurface absorption systems is the most common form of effluent disposal 
for onsite sewage treatment and particularly for septic tanks. This entails a strong 
dependency on location specific parameters such as topography and subsurface 
characteristics. Even in the case of surface disposal of effluent, these factors play a 
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significant role. Therefore it is important that various location specific factors are taken 
into consideration in the provision of subsurface effluent disposal systems. 
1.2 Background to the Report 
 
This report is the second in a series of three reports focussing on the performance 
evaluation of onsite treatment of sewage. The research project was initiated at the 
request of the Brisbane City Council. The work undertaken included site investigation 
and testing of sewage effluent and soil samples. The project component discussed in the 
current report formed the basis for the more detailed investigation undertaken 
subsequently. 
 
 
1.3 Report Objectives 
 
The behaviour of a soil absorption system in the treatment of sewage effluent is 
inherently complex. The processes taking place and the degree of influence exerted by 
various parameters is highly variable. Therefore in the evaluation of treatment 
performance of soil absorption systems, it was essential that the primary factors 
governing these processes were identified initially. This helped to refine the focus of the 
investigation towards achieving the primary objectives of the research project and to 
optimise the available resources. 
 
The following report has been prepared on this basis. The outcomes from the initial 
studies has been discussed which enabled the identification of factors to be investigated 
further. This would permit relating treatment performance of onsite sewage treatment 
systems to influential soil characteristics. 
 
 
1.4 Scope and Outline of the Report 
 
Primarily, the report contains the results of the field monitoring program and the initial 
analysis undertaken. Chapter 2 provides a detailed description and rationale for the 
overall research project. The development of the field monitoring program, site 
selection and data collection has been discussed in Chapter 3. Chapter 4 discusses the 
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initial testing program including its objectives and parameter selection. The field 
observations have been discussed in Chapter 5. In the investigations undertaken there 
were a number of inherent experimental limitations which has been discussed in 
Chapter 6. Chapter 7 provides a detailed discussion of the conclusions derived from the 
experimental investigations. Chapter 8 provides a concise summary of the key findings 
derived from the research undertaken todate. 
 
 
2. THE OVERALL RESEARCH PROJECT 
 
Figure 1 provides a schematic outline of the overall research project indicating the main 
activities to be undertaken. It has been divided into three phases as indicated. The 
current report relates to Phase 2 of the project. 
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Figure 1 – Outline of the research project 
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2.1 Aims and Objectives 
 
The primary aims of the research project are: 
• to relate treatment performance of onsite sewage treatment systems to soil 
conditions at site; 
• to identify important areas where there is currently a lack of relevant research 
knowledge and is in need of further investigation. 
 
These tasks were undertaken with the objective of facilitating the development of 
performance based planning and management strategies for onsite sewage treatment. 
This would have significant environmental and public health benefits. Its implications 
would be widespread in the context of growing awareness of environmental values and 
stringent regulatory requirements relating to onsite sewage treatment.  
 
 
2.2 Scope of Work 
 
The primary focus of the research project has been on septic tanks. Therefore by 
implication the investigation has been confined to subsurface soil absorption systems. 
The design and treatment processes taking place within the septic tank chamber itself 
did not form a part of the investigation. 
 
In the initial phase of the investigation, though the majority of the systems evaluated 
were septic tanks, a small number of aerobic wastewater treatment systems (AWTS) 
were also included. This was primarily to compare the effluent quality of systems 
employing different generic treatment processes. However the number of systems 
studied is not statistically significant to draw definitive conclusions in this regard. This 
is an important issue considering the large number of parameters that can influence 
treatment performance and their wide variability. Therefore the results of the study 
should only be used for purposes of guidance and for identifying areas for further 
investigation. 
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In the evaluation undertaken, the treatment performance of soil absorption systems has 
been related to the physico-chemical characteristics of the soil. Five broad categories of 
soil types in accordance with the ‘Greater Soil Groups’ defined by Beckmann et al. 
(1987) has been considered for this purpose. These categories are the same as those 
used by Tomlin (1999). The number of systems investigated was based on the 
proportionate area of urban development located on each soil type as determined by 
Tomlin (1999). An independent study was not undertaken in this regard for the purpose 
of this investigation.  
 
 
2.3 Rationale for the Study 
 
There are two inherent difficulties associated with understanding and defining the 
performance of subsurface effluent disposal systems. Firstly, it is the difficulty in 
evaluating treatment performance due to the crucial role played by the soil column. The 
complexity of the processes involved, the large number of influential parameters and 
their wide variability makes monitoring results difficult to interpret. The quality of the 
effluent being discharged from the septic tank chamber too can be considered to be an 
important factor. However in reality this relates back to the ability of the soil column to 
treat effluent of a particular quality (Goonetilleke et al. 1999). 
 
The second reason is the difficulty in defining failure. The general tendency is to 
interpret failure in a visual sense. Surface ‘break-out’ of effluent is the most commonly 
regarded indicator. The surface flow of inadequately treated effluent is a cause of major 
concern. However the flow of inadequately treated effluent could also take place 
through the subsurface due to existing soil conditions or high groundwater table and 
would not be visible. This situation will be of even greater concern due to its insidious 
nature (Bouma et al. 1972). 
 
Eutrophication, nutrient enrichment and microbial contamination of water bodies is an 
indicator of large scale soil absorption system failure. However the main difficulties 
encountered in this situation is in tracing the exact source of the pollutant and the 
relatively long time needed for the manifestation of the impacts. It is not a simple task 
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to identify travel pathways of pollutants. This is generally possible on a catchment wide 
basis, but on an individual system basis it would be rather complex. 
 
The consequences of inadequately treated effluent can be very serious as its impacts can 
be greater and more widespread (Ryan v Great Lakes Council 1999 FCA 177). 
Furthermore these impacts are gradual and not immediately visible. The dependency on 
visual factors such as surface ‘break-out’ of effluent from a subsurface disposal system 
is not always feasible. It could well be that a system had failed at a particular site with 
partially treated effluent percolating into the groundwater rather than resulting in the 
surface appearance of effluent. Under these circumstances the soil column plays a 
crucial role in defining the performance of a onsite sewage treatment system. Therefore 
it is important that the performance of a system is evaluated in terms of influential soil 
parameters. 
 
This translates to the adoption of a performance based strategy to ensure the viability of 
subsurface effluent disposal systems. To develop a strategy of this nature would require 
a comprehensive understanding of the influential soil parameters and the linkages 
between these parameters in defining system performance. 
 
Significant research has been undertaken in this regard over the years. However the 
outcomes of this research has not always filtered down to the applications oriented 
arena. This can be attributed to the communication gap between researchers and 
practitioners. As a consequence, there is insufficient appreciation of the significant role 
played by soil chemical parameters in effluent treatment. Secondly, there is continuing 
dependency on practices, which have been found to be inadequate in assessing soil 
absorption system behaviour. This particularly refers to the use of the percolation test. 
Its shortcomings have been extensively discussed in research literature, but still 
continues be used widely (for example van der Graff 1996, 1997a,b). It is not intended 
to discuss these issues in detail in this report. The reader it referred to the references 
cited in this regard.  
 
Under these circumstances it is important that a more reliable approach is developed to 
evaluate the performance of a subsurface effluent disposal system. This would require 
the integration of current knowledge in soil chemistry in relation to effluent treatment 
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and the identification of areas where further research is needed. These outcomes would 
assist in the development of performance based planning and management strategies for 
onsite sewage treatment. It would help to reduce the uncertainty inherent in the 
prescriptive strategies currently in operation. 
 
 
3. MONITORING PROGRAM 
 
3.1 General Comments on Soil Characteristics 
 
To better understand the performance of subsurface effluent disposal systems in a given 
region, it was important to select monitoring sites that represented the range of soils and 
geological settings present. The physico-chemical characteristics of different soil types 
influence their effluent renovation capacity. An understanding of the regional geology 
can assist in interpreting the processes governing soil formation and the different 
topographic regions. 
 
Brisbane is the region of interest for the current research study. It has a relatively 
complex geological history. This has resulted in many different rock types being present 
within small areas. Beckmann et al. (1987) has divided Brisbane into three distinct 
topographic units associated with specific rock types. These are: 
1. The Coastal Plain 
This includes the area with an elevation of less than 10 m above sea level and has a 
flat to gently undulating topography. 
2. Undulating low hills 
Undulating low to hilly areas with an elevation of less than 80 m typify most of 
urbanised Brisbane. The slopes in these areas can be described as gentle to 
moderate, with some steeply sloping areas in the western suburbs. 
3. Steep hills and mountains 
Lands up to 550 m elevation extending from the North West corner of Brisbane and 
up to the crest of the D’Aguilar Range. 
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The soils of Brisbane are strongly determined by the nature of their parent materials. 
These in turn are closely dependent on the rocks from which they have been weathered. 
Beckmann et al (1987) has classified soil types in the region in terms of ‘soil landscape’ 
units. It refers to a natural area of land in which the soils bear a constant relationship to 
each other. This can be attributed to the soils having formed in a limited range of 
landforms and from a single rock type or complex of parent rocks. The soils within each 
landscape has been classified according to the ‘Australian Great Soil Group Scheme’ 
relative to the degree of profile development and horizon differentiation (Stace et al. 
1968). 
 
 
3.2 Site Selection 
 
3.2.1 Identification 
The number of sites with septic tank/subsurface soil absorption systems was selected in 
proportion to the prevalence of the different soil types in the urbanised areas of 
Brisbane. Due to the wide range of parent materials and different intensities of soil 
weathering, there is an infinite variety of soil types. Therefore it was important to base 
the research on a broad scale soil classification system. Using the soil classification 
developed by Beckmann et al. (1987), Tomlin (1999) has provided an estimate of the 
predominance of different soil groups in the urbanised area in Brisbane as given in 
Table 1.  
 
Table 1 – Predominance of different soil groups in the Brisbane urbanised area 
(Tomlin 1999) 
Great Soil Group Fraction of Urbanised Brisbane 
Lithosols 7% 
Prairie Soils and Black Earths 5% 
Red Earths and Krasnozems 12% 
Red and Yellow Podsolics 74% 
Gleyed Podsolic and Humic Gleys 2% 
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It can be seen from Table 1 that the Red and Yellow Podsolic soil groups dominate the 
urbanised area in Brisbane. Red Earths and Krasnozems are represented by the Aspley, 
Bracken Ridge, Clayfield, Corinda, Manly and Sunnybank formations. Prairie soils and 
black earths are predominantly located adjacent to the Brisbane River. Lithosols are 
typically located on the high hills of the western suburbs. Gleyed Podsolic and Humic 
Gleys generally overlay alluvial terraces of the Brisbane River tributaries. 
 
The data provided in the above table with regards to soil type predominance formed the 
basis for determining the representative number of subsurface effluent disposal systems 
selected in each soil group. The unsewered areas in Brisbane are mainly located in the 
urban fringe ares to the West and North West. In order to identify areas for selecting 
suitable study sites, a street map of the area was overlaid on the ‘Soil Landscape Map of 
Brisbane’ (Beckmann et al. 1987). 
 
Based on the information described above and data provided by the Brisbane City 
Council Development & Regulatory Services Branch and proprietary treatment plant 
suppliers, a total of 252 onsite sewage treatment systems located in 17 different 
Northern Suburbs were initially identified. The database thus developed included 
owners name, address, telephone number, type of onsite sewage treatment system, 
geological setting, soil landscape and the dominant soil group. 
 
The initial contact with the individual house owners was by telephone to determine 
suitability and agreement for the use of the site. The success rate was in the range of one 
house owner in six being agreeable to participate in the research program. During the 
telephone interview, basic information relating to the site was gathered on a checklist. A 
copy of the checklist referred to as ‘Checklist 1’ is enclosed in Appendix A. The 
suitability of each site was confirmed by a visual inspection and house owner survey. 
Information was collected based on a further checklist and this related to the treatment 
system, its history, maintenance and site conditions. A copy of this checklist referred to 
as ‘Checklist 2’ is included in Appendix A. Also during the site inspection, the ground 
accuracy of the soil landscape map developed by Beckmann et al. (1987) was verified. 
The soil landscape boundaries were found to be reliable and easy to locate. 
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3.2.2 Selection criteria 
During the site selection process, attempts were made to identify as many sites as 
possible where suitably functioning separate greywater disposal systems were available. 
The difficulties encountered in this regard and relevant issues will be discussed in 
greater detail in Chapter 5. These difficulties prevented the selection of an adequate 
number of suitable greywater disposal systems. The main criteria adopted for the site 
selection has been listed in Table 2. 
 
Table 2 – Site selection criteria 
Criteria Comments 
Soil group The location within a specific soil group was the most important 
criteria. The number of sites per soil group was representative of 
the soil predominance in the urbanised area in Brisbane. 
Ground slope Needed to have a reasonably uniform slope over the entire 
subsurface disposal area. 
Landscaping/ 
vegetation 
The effluent disposal area needed to be free from landscaping 
which could influence subsurface water movement and, fertiliser 
application which may distort sampling results. This was difficult 
in some cases as it is a requirement that disposal areas must be 
landscaped. 
Type of 
household 
Needed to be single family households and occupied by a 
minimum of two persons. Also it was important that the houses 
were occupied on a regular basis and there were no extensive 
periods of time when they were unoccupied. 
Age Needed to be of differing ages ranging from one year upwards. 
Type of 
System 
Primarily needed to be septic systems with different types of 
effluent disposal arrangements such as trenches and sand mounds 
along with several aerobic systems. 
 
3.2.3 Locations 
 
Initially all the sites were selected within the Northern suburbs of Brisbane for ease of 
sample collection and accessibility. Some sites needed to be subsequently abandoned 
due to the inability to collect water samples of sufficient quantity or due to the closeness 
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of the rock shelf to the ground surface. These were subsequently relocated and in one 
instance it was necessary to look beyond Brisbane City Council boundaries. The initial 
selection consisted of 22 sites in 21 different locations, of which six were later 
abandoned for various reasons. The remainder included eight septic systems with 
subsurface effluent disposal and treating either blackwater or combined black and 
greywater, two sites treating greywater only and six sites with aerated wastewater 
treatment systems. Table 3 provides summary details of the selected sites and Figure 2 
indicates their location. Appendix C provides details of site locations and photographs.  
 
The decision to monitor on a broad-scale, a relatively larger number of sites as 
compared to more intense monitoring of a much smaller number was due to the 
significant number of variables that can influence treatment performance. In monitoring 
a smaller number of sites, the possibility always exists that the results obtained could be 
artefacts of specific site conditions, which are difficult to quantify. 
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Table 3 – Summary details of selected sites 
Site 
No 
Suburb System 
type 
Wastewater 
handled 
Effluent 
disposal 
Greywater 
disposal 
Age No. of 
Persons 
Soil 
Landscapea 
Dominant 
Soil Group 
1 Pinjarra Hills Septic Blackwater  Trench Garden 
irrigation 
4 6 K Yellow  
podsolic 
2 Pinjarra Hills Septic Blackwater Trench    K abandoned 
3 Bellbowrie Biocyclec Black and 
Greywater 
terrace  1 2 Je Gravelly 
yellow  
podsolic 
4 Bellbowrie Envirotechc Black and 
Greywater 
Subsurface 
drip irrigation 
 5 2.5 Je Yellow  
podsolic 
5 Bellbowrie Septic Blackwater  Trench Garden 
irrigation 
3 2 Je abandoned 
6 Moggill Septic Blackwater Trench    Mo abandoned 
7 Anstead Septic Blackwater Trench    MCk abandoned 
8 Anstead Septic Blackwater Trench  Separate 
trench system 
2.5 4 Je 
 
Gravelly 
yellow 
podsolic 8a Anstead Subsurface 
disposal 
Greywater Trench  trenches 
9 Anstead Septic Blackwater  Trench Garden 
irrigation 
4 6 Je Red/yellow  
podsolic 
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Site 
No 
Suburb System 
type 
Wastewater 
handled 
Effluent 
disposal 
Greywater 
disposal 
Age No. of 
Persons 
Soil 
Landscapea 
Dominant 
Soil Group 
10 Moggill Subsurface 
disposal 
Greywater  Buried mound  17 2 MCk Gleyed 
podsolic 
11 Pullenvale Septic Blackwater Trench    El abandoned 
12 Brookfield Biocyclec Black and 
greywater 
Terrace   4 6 Br Prairie soil 
13 Brookfield Septicb Blackwater Trench Garden 
irrigation 
4.5 2 Br Prairie soil 
14 The Gap Septicb Black and 
greywater 
Trench  19 4 En Lithosol 
15 The Gap Dowmusc Black and 
greywater 
Surface spray  1 4 En Lithosol 
16 Keperra Septic Blackwater Trench    Sa abandoned 
17 Keperra Biocyclec Black and 
greywater 
Wetland  5 2 Sa Sandy 
podsolic 
18 Upper 
Kedron 
Septicb Black and 
greywater 
Trench  14 2 MCo Gravelly 
lithosol 
19 Burpengary Dowmusc Black and 
greywater 
Surface 
irrigation 
 1.5 3 Unknown Yellow 
Podsolic 
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Site 
No 
Suburb System 
type 
Wastewater 
handled 
Effluent 
disposal 
Greywater 
disposal 
Age No. of 
Persons 
Soil 
Landscapea 
Dominant 
Soil Group 
20 Bridgeman 
Downs 
Septic Blackwater  Trench Garden 
irrigation 
3.5 2 As Krasnozem 
21 Bridgeman 
Downs 
Septic Blackwater  Trench Garden 
irrigation 
4 2 As Krasnozem 
a soil landscape symbol as per Beckmann et al (1987).  
see Appendix B for full list 
b tank water supply 
c Proprietary system 
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Figure 2 – Location of selected sites 
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3.2.4 Soil characteristics at the study sites 
The soil characteristics of the selected study sites could be categorised as follows 
(Beckmann et al. 1987): 
 
• Soils showing little profile development 
This includes lithosols of Enoggera and Mt Cootha landscapes. Lithosols are 
essentially stony or gravelly soils lacking horizon development other than in the A1 
horizon due to organic matter accumulation. Three sites consisting of two septic 
systems with effluent absorption trenches and one Dowmus system with a surface 
spray disposal system were located on these soils. 
 
• Soils showing weak profile differentiation 
This includes, prairie soils of the Brookfield landscape. The important feature of 
prairie soils is the medium textured surface horizons overlying dark grey-brown 
blocky subsoils. Two sites consisting of one septic system with effluent absorption 
trenches and one Biocycle system with a terrace for surface disposal of effluent were 
located on these soils. 
 
• Soils Dominated by Sesquioxides 
This includes Krasnozems of the Aspley Landscape. These soils are dominantly red 
beneath a darker surface layer which is usually light textured. Deep subsoils exhibit 
strongly mottled red and grey clay. Two sites consisting of septic systems with 
effluent absorption trenches were located on these soils. 
 
• Soils with markedly differentiated profiles 
This includes Red, Yellow and Red-Yellow Podsolics of Jamboree, Kenmore, 
Samford landscapes and Burpengary area. These are the most common soils of 
Brisbane and has originated from the weathering of the Neranleigh-Fernvale and 
Bunya Phyllite formations. These soils have coarse textured sandy loam surface 
horizons overlying a predominantly red ‘B’ horizon with a much higher clay 
content. The boundary between the horizons is characteristically clear to gradual 
rather than abrupt. Eight sites consisting of two septic systems with effluent 
absorption trenches, one Septic system with a sand mound, one Envirotech system, 
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one Dowmus system with trickle feed, two Biocycle systems of which one uses a 
wetland and the other a mound for effluent disposal and one greywater disposal 
system were located on these soils.  
 
• Soils showing the influence of poor drainage 
This includes Gleyed Podsolics of the Moggill Creek landscape. These soils exhibit 
sandy to loamy surface horizons and mottled grey and yellow-brown sandy clay or 
heavier subsoils. The poor drainage is due to either perching of water and seepage 
through the clay subsoil or deep seated seepage intermittently affecting most of the 
profile. One site consisting of a greywater disposal system with a buried mound 
were located on these soils. 
 
 
3.3 Field Monitoring 
 
The field monitoring consisted of the following tasks: 
• installation of monitoring wells or piezometers at 1 and 3 m downstream from the 
edge of the subsurface disposal area or surface spray area for sampling of the soil 
water percolating through the subsurface.  
• mapping of soil horizons at the piezometer installation sites. 
• collection of soil samples from a control site which has not been disturbed due to 
landscaping or contaminated with effluent, to determine background soil parameters. 
• collection of effluent samples from the distribution box, to determine the 
characteristics of the effluent prior to disposal into the soil. 
• collection of background data relating to the site and sewage treatment system. This 
included system details such as its history, usage and maintenance undertaken and 
site conditions such as topography and land cover. This information was collected 
using Checklists 1 and 2 discussed in Section 3.2.1. 
 
3.3.1 Piezometer installation 
The piezometers were installed using a 100 mm diameter hand auger to a maximum 
depth of 1.5 m or to a clay layer of very low permeability. In some instances the 
location of the subsurface effluent disposal area had to be defined by the use of a 
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Dynamic Cone Penetrometer to identify the presence of the gravel beds. The 
piezometers consisted of a 90 mm slotted PVC pipe wrapped with geofabric (Type 12 
Bidum). The geofabric was used to reduce particulate matter whilst allowing the 
uninterrupted movement of water through the soil profile and into the piezometer.  
 
The pipe was capped at both ends. The annular space between the soil profile and the 
piezometer tube was filled with gravel to a depth of 150 mm below the ground surface. 
This was to facilitate the percolation of effluent into the piezometer and at the same 
time to prevent the clogging of the slots in the PVC pipe. The top 150 mm of the 
annular space was plugged with clay to minimise infiltration of overland flow during 
rainfall events. A typical piezometer installation is shown in Figure 3. The process of 
piezometer construction was similar to that described by Betson et al. (1968). During 
the installation of the piezometer tubes, the soil profile was catalogued using a checklist. 
This has been designated as Checklist 3 and a copy is included in Appendix A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 – A typical piezometer installation 
 
3.3.2 Effluent sampling 
Effluent sample collection commenced two weeks after the piezometers had been 
installed and thereafter every two to three weeks. This time duration was necessary due 
to the relatively slow response times of some soils, to water movement. The effluent 
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collected in the piezometers were found to be strongly dependent on the weather 
conditions at most of the sites. In addition to effluent samples from the piezometers, 
samples were also collected from the distribution box. 
 
Due to the lack of adequate volume of samples in some cases, not all of the envisaged 
analyses were performed on each sample. Field testing was undertaken immediately 
after sampling and then the samples were stored under refrigerated conditions for later 
laboratory testing. Laboratory water analysis was performed by Brisbane Water. In 
addition to those collected from the monitoring sites, a few blanks were included in 
every batch as a quality control measure. 
 
3.3.3 Soil sampling 
Soil samples were obtained from the two piezometer sites along with control samples to 
the same depth and located away from the influence of the disposal field. Sample depths 
covered every 100 mm of the soil profile. Soil samples were classified, noting features 
such as parent material, profile description and drainage. Soil profile descriptions 
including colour, texture, structure and biological activity were recorded. Laboratory 
soil analysis was undertaken by the Department of Natural Resources whilst sample 
preparation was undertaken at QUT. Borehole logs for each site is contained in 
Appendix D. 
 
 
4. INITIAL TESTING PROGRAM 
 
4.1 Objectives 
 
The movement of nutrients and other contaminants in sewage effluent is influenced by a 
number of soil properties. The initial testing program was formulated based on this 
postulate. Its primary objectives were: 
• to determine the change in effluent properties due to contact with the soil; 
• to understand the effluent renovation capacity of different soil types; 
• to correlate the effluent sampling results obtained to the soil physico-chemical 
characteristics. 
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The results thus obtained helped to identify the main soil parameters that influence 
effluent treatment in subsurface disposal systems. This in turn acted as the trigger for 
the more detailed soil investigations to be undertaken subsequently. 
 
 
4.2 Parameter Selection 
 
The selection of soil and effluent parameters for evaluation was based solely on the 
objectives outlined in Section 4.1 above. During the selection process a conscious 
decision was taken to keep the number of parameters to a minimum and to ensure that 
the data obtained was specifically needed for the current phase of the project. In past 
research studies of this nature, it is not uncommon to see a very much larger number of 
parameters being measured. Quite often the need for some of these parameters has not 
been clearly explained and they do not appear to play a useful role in the analysis 
undertaken. 
 
The effluent and soil parameters identified for measurement in the initial phase of the 
study are listed in Table 4. The analytical methods adopted in the testing program are 
listed in Tables 5 and 6. 
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Table 4 – Effluent and soil parameters measured 
Parameter Effluent sample Soil sample Reasons for selection 
Pi
ez
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er
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n 
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et
er
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te
 
C
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ol
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te
 
pH x x x x Possible indicator of effluent/soil chemical properties, effluent 
travel, ability of soil to renovate effluent electrical conductivity x x x x 
total nitrogen x x   To determine the nutrient uptake by the soil. 
biochemical oxygen demand x    To correlate with total organic carbon data. 
total organic carbon x x   Possible quality indicators for effluent. 
total dissolved solids x x   
faecal coliforms x x   Possible indicators of effluent travel, ability of soil to renovate 
effluent and health indicators. chloride concentration x  x x 
calcium ion concentration  x  x To calculate the Sodium Absorption Ratio for the effluent and/or the 
Exchangeable Sodium Percentage for the soil. These are possible 
indicators of damage to the soil structure due to effluent discharge. 
magnesium ion concentration  x  x 
sodium ion concentration  x  x 
moisture content   x x Possible indicators of the ability of the soil to renovate and 
percolate effluent through the soil horizon. soil texture and structure   x x 
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Table 5 – Analytical methods adopted for water sample testing 
Test Method1 Units 
Total Dissolved Solids Misc. mg/L 
TOC as C 1.603 mg/L 
Chloride FIA.109 mg/L 
Total Nitrogen as N FIA.013 mg/L 
Faecal Coliforms 4.404 cfu/100 mL 
Calcium as Ca 5.304 mg/L 
Magnesium as Mg 5.304 mg/L 
Sodium as Na 5.304 mg/L 
 
Table 6 – Analytical methods adopted for soil sample testing 
Analyte Name Method2 Method Description Units 
pH pH IEC-
S4A1 
Aqueous 1:5, electrode --- 
EC Electrical 
Conductivity 
IEC-
S3A1 
Electrical Conductivity ms/cm 
Cl Chloride IEC-
S5A2 
Aqueous 1:5 soil:water mg/kg 
N Nitrogen IEC-
S7B1 
Aqueous as NO3, 
colorimetric 
mg/kg 
P Phosphorus IEC-
S9B2 
0.5M NaHCO3 extr. 
colorimetry 
mg/kg 
Ca Calcium IEC-
S15A1 
Exch. Aqueous NH4Cl  
pH 7 
meq/100g 
Mg Magnesium IEC-
S15A1 
Exch. Aqueous NH4Cl  
pH 7 
meq/100g 
Na Sodium IEC-
S15A1 
Exch. Aqueous NH4Cl  
pH 7 
meq/100g 
 
Notes: 
1. APHA (1985) 
2. Rayment & Higginson (1992) 
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5. FIELD OBSERVATIONS 
 
5.1 Site Specific Observations  
 
Table 7 summaries the relevant information obtained from the initial site investigations 
and the observations made during subsequent site visits. Some of the information 
provided in Table 3 has also been included here. This duplication of data was necessary 
for purposes of completeness and ease of reference. 
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Table 7 – Summary of site specific field observations 
Site System 
type 
Wastewater 
handled 
Dominant 
soil group 
Age Recent 
maintenance 
observations 
1 Septic Blackwater Yellow 
podsolic 
4 None • Gently sloping site. 
• Lateral seepage into the piezometers at 400 mm was noted. 
The moisture content had elevated values to a depth of about 
600 mm, and then generally indicated similar values to those at 
the control site. 
• The distribution box did not appear to distribute the flow 
evenly between the three absorption trenches.  
• Seepage was noted at the base of the third trench.  
• Greywater is used for surface irrigation using a garden hose. 
3 Biocycle Black and 
greywater 
Gravelly 
yellow 
podsolic 
1 Regular 
inspections 
by supplier 
• Effluent was being disposed to an above ground mound. 
• Effluent was collecting in small puddles on the surface of the 
disposal mound. Otherwise the disposal system appears to be 
functioning satisfactorily. 
• The moisture content in the top 300 mm at the piezometer sites 
was very high. This could be due to the presence of a small 
dam near the rear boundary of the premises. 
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Site System 
type 
Wastewater 
handled 
Dominant 
soil group 
Age Recent 
maintenance 
observations 
4 Envirotech Black and 
greywater 
Yellow 
podsolic 
5 Regular 
inspections 
by the 
supplier 
• Moderately sloping site. 
• The site previously had a septic system which had failed and 
the ground around the subsurface disposal area had been 
waterlogged.  
• Currently uses a below ground sand filter with subsurface drip 
irrigation and surface spray of effluent.  
• Soil appeared to have a very sandy profile with loam texture to 
a depth of 1.2 m. Detailed subsurface investigations revealed a 
band of heavy clay of very low permeability at 500 mm depth.  
• The site had a typical duplex soil with a saturated ‘A’ horizon 
above an impermeable ‘B’ horizon. 
• Under continuous leaching, clay forming minerals would be 
weathered and illuviated down the profile causing impeded 
drainage.  
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Site System 
type 
Wastewater 
handled 
Dominant 
soil group 
Age Recent 
maintenance 
observations 
5 Septic Blackwater Red/yellow 
podsolic 
3 None System appears to be functioning satisfactorily. Greywater is used 
for surface irrigation. 
8 Septic  Blackwater Gravelly 
yellow 
podsolic 
2.5 None • Moderately sloping land. 
• System appears to be functioning satisfactorily.  
8a Subsurface 
disposal 
Greywater This was the only site visited that had a satisfactorily functioning 
subsurface greywater disposal system. 
9 Septic Blackwater Red/yellow 
podsolic 
4 None • Very flat land with poor drainage.  
• The water table fluctuates but shows elevated levels after wet 
periods (perched water table). Mottling in the ‘B’ horizon 
confirms this conclusion. 
• The ground was very damp on all occasions when visited.  
• It appears that the distribution box is at a lower level than the 
absorption trenches and also the effluent disposal system had 
failed. 
• Greywater is being siphoned out using a garden hose. 
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Site System 
type 
Wastewater 
handled 
Dominant 
soil group 
Age Recent 
maintenance 
observations 
10 Subsurface 
disposal 
Greywater Gleyed 
podsolic 
17 None • Flat, very low in profile and gently slopes into a creek at front 
of property. 
• Heavy clay site with mottling present through the ‘B’ horizon 
profile. The ‘A’ horizon was saturated indicating ponding may 
occur in wet periods. 
• The subsurface sewage effluent disposal system has failed. The 
trenches had been replaced twice. 
• The absorption trenches used for greywater disposal had been 
replaced with a buried sand mound about 12 years ago. An 
undisturbed tube sample showed the permeability to be higher 
below 1 m. This would  explain the reason why the mound 
system is able to function better than an absorption trenches. 
• Nevertheless excess greywater is being siphoned out using a 
garden hose.  
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Site System 
type 
Wastewater 
handled 
Dominant 
soil group 
Age Recent 
maintenance 
observations 
12 Biocycle Black and 
greywater 
Prairie soil 4 Regular 
inspections 
by supplier 
• The effluent disposal bed is located on steeply sloping land. 
• Some of the effluent distribution pipes appear to have been 
wilfully damaged and the effluent is flowing over the surface 
and possibly directly into a small lake situated at the bottom of 
the property. 
13 Septic Blackwater Prairie soil 4.5 None • Moderately sloping land.  
• Moisture content fairly uniform throughout profile except in 
the piezometer which as 3 m away from the absorption bed 
where a hard gravelly band was encountered at around 
800mm. 
• Sewage effluent disposal system appears to be functioning 
satisfactorily. 
• Greywater disposal system is not functioning. Water is being 
siphoned out using a garden hose. 
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Site System 
type 
Wastewater 
handled 
Dominant 
soil group 
Age Recent 
maintenance 
observations 
14 Septic Black and 
greywater 
Lithosol 19 None • Moderately sloping land. 
•  Saturated zone around 400 to 500mm in both piezometer sites. 
• Continuous seepage of effluent from the end of the effluent 
disposal field with an unpleasant strong odour. 
• Unable to locate distribution box. 
15 Dowmus Black and 
greywater 
Lithosol 1 Annually • Steeply sloping land with a creek located at the boundary of 
the property. 
• Permeable profile with decomposed granite encountered at 
around 1metre in both wells. 
• System appears to be functioning satisfactorily.  
17 Biocycle Black and 
greywater 
Sandy 
podsolic 
5 Regular visits 
by the 
supplier 
• Effluent is being disposed to an above ground small wetland 
located within the property and built above ground level. 
• Seepage of effluent is taking place from the sides. 
• ‘A’ horizon was saturated with water seeping into the 
piezometers through the grey sand profile. 
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Site System 
type 
Wastewater 
handled 
Dominant 
soil group 
Age Recent 
maintenance 
observations 
18 Septic Black and 
greywater 
Gravelly 
lithosol 
14 None  • Steeply sloping land. 
• Water seeping into piezometers between 300 and 500mm. 
Moisture content at these sites were very much higher than 
control sample. Mottling observed just below seepage line 
indicating perched water table at some time. 
19 Dowmus Black and 
greywater 
Yellow 
podsolic 
1.5 Annually • Flat land. 
• Sand was observed to a depth of 700mm and saturated at the 
base. Below the sand layer, mottling was observed indicating 
that this horizon has been saturated at some stage. Paper bark 
trees were growing less than 20 metres away from the garden. 
20 Septic Blackwater Krasnozem 3.5 None • Gently sloping land near the top of a ridge. 
• Moisture content of ‘A’ horizon was much lower than in the 
heavier ‘B’ horizon. Mottling observed in piezometer 2 at 
1200mm depth. 
• The system appears to be functioning satisfactory. 
• Surface irrigation of greywater using a garden hose. 
  
 32 
 
Site System 
type 
Wastewater 
handled 
Dominant 
soil group 
Age Recent 
maintenance 
observations 
21 Septic Blackwater Krasnozem 4 None • Very gently sloping site. 
• Greywater disposal area immediately adjacent to effluent 
disposal area. 
• Moisture content was extremely high throughout the ‘B’ 
horizon. The Piezometer sites exhibit slightly higher moisture 
content than background control sample. Mottling is present in 
all profiles around 800 mm  to 1000 mm. Site was heavily 
waterlogged on several visits. 
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5.2 General Observations 
 
The main observations arising from the monitoring study undertaken have been 
summarised below. 
 
A. Ongoing maintenance of treatment systems 
In the case of septic tanks, most house owners do not appear to be aware of the fact that 
sludge removal need to be undertaken on a regular basis. Caldwell Connell (1986) has 
recommended sludge removal to be undertaken every four years for a systems serving 
four people and every seven to eight years for a system serving two people. None of the 
relatively older septic systems surveyed had undertaken this essential maintenance 
activity. Even in the case of the relatively newer systems, the house owners did not 
appear to consider regular maintenance as important for the satisfactory functioning of 
septic systems. 
 
Unfortunately even in the case of aerated wastewater treatment systems (AWTS), the 
regular inspections that are being undertaken by the supplier as part of the maintenance 
agreement is not always a guarantee of satisfactory system maintenance. The 
inspections are only confined to the treatment system itself. There are no checks being 
undertaken on the effluent disposal area. This was quite evident in the case of Site 12 
where the distribution pipes have been damaged and effluent is flowing over the surface 
(refer Table 7). 
 
B. Disposal of greywater.  
Other than for one site, in all the other monitored sites which had separate greywater 
disposal systems, garden hoses were being employed to siphon the greywater for use in 
surface irrigation. Quite often the hoses would be kept in one place for long periods of 
time. This could result in surface flows into nearby waterways and road drains. As 
greywater has the potential to cause appreciable pollution, this practice for greywater 
disposal should be discouraged(Goonetilleke et al. 1999). 
 
C. Lateral flow of effluent 
In most of the sites the soil profile at the piezometer installation sites indicated the 
presence of a shallow highly saturated soil layer. Additionally in a number of sites, the 
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‘B’ horizon showed signs of mottling, which indicated a perched groundwater table 
during wet periods. These factors point towards significant lateral percolation of 
effluent through the soil profile. It is logical to expect that this phenomenon will be 
even more pronounced during rainfall periods. Under these circumstances, the flow of 
effluent into surface water bodies is a distinct possibility.  
 
D. Subsurface characteristics 
At present the commonly adopted method for site evaluation of effluent disposal is the 
percolation test. This entails the excavation of a pit to a maximum depth of about 450 
mm and the measurement of the permeability of the exposed soil profile. The results 
thus obtained can be greatly misleading as pointed out in Section 2.3. This was clearly 
evident from the results of the field investigations undertaken. It was most obvious at 
Site 4, which was the location of a previously failed septic tank/subsurface effluent 
disposal system. Though the soil appeared to have a very sandy profile with loam 
texture to a depth of 1200 mm, a band of heavy clay of very low permeability was 
present at about 500 mm depth. This would explain the reasons for the failure of the 
previous subsurface soil absorption system. Furthermore, a conventional soil 
permeability test would not have revealed the presence of this impermeable layer. 
Therefore the need to evaluate the soil profile to a greater depth than what is undertaken 
by a conventional percolation test is evident. Fortunately, the Draft Standard for On-site 
Domestic Wastewater Management (Standards Australia/Standards New Zealand 1998) 
does require soil investigation to be undertaken to a depth of about 1.2 m. 
 
 
6. EXPERIMENTAL LIMITATIONS 
 
Based on the results of the study undertaken, a number of important conclusions have 
been drawn in regards to the treatment performance of subsurface effluent disposal 
systems. These have not only assisted in the formulation of the next phase of the 
envisaged research, but also permitted the derivation of recommendations with regards 
to the design and location of these systems. However it is important to realise that the 
outcomes from this phase of the study should only be employed for purposes of 
guidance. There are a number of inherent limitations in the formulation and 
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implementation of the research project which precludes more definitive conclusions 
being drawn from the outcomes of the study. 
 
In the study undertaken, the main experimental limitations relate to the limited number 
of study sites monitored and the number of effluent samples tested. The number of sites 
that were selected was representative of the proportionate area of different soil types 
found in the urbanised area in Brisbane. Unfortunately due to resource constraints, the 
total number had to be kept low. The same situation also applied in the case of the 
number of effluent samples tested. Considering the wide variability of treatment 
performance of subsurface effluent disposal systems and the large number of parameters 
that can exert significant influence on inherent processes, the results obtained preclude 
drawing statistically significant conclusions. 
 
A related issue is the age of the septic systems investigated. As illustrated in Table 7, 
most house owners do not appear to appreciate the importance of regular maintenance 
of septic systems such as sludge removal. The adverse consequences resulting from the 
neglect of this aspect of maintenance has been well documented in research literature. It 
can lead to sludge build-up in the tank and its carryover with the effluent. This would 
result in the clogging of effluent distribution pipes and subsurface absorption bed failure 
due to accelerated clogging mat formation (Goonetilleke et al. 1999). Under these 
circumstances, the age of the septic system could have a direct influence on the 
treatment performance of the subsurface effluent disposal system. The limited number 
of systems monitored do not permit this factor to be taken into consideration in the 
analysis undertaken.  
 
During the effluent sampling program, it was quite evident that the volume of sample 
available for collection in the piezometers was strongly dependent on weather 
conditions. This factor in turn would have influenced the results obtained from the 
analysis. This situation is to be expected. In reality, the treatment performance of a 
subsurface effluent disposal system would be strongly weather dependent (Brouwer & 
Bugeja 1983). It can be inferred that these systems will operate with reduced efficiency 
during wet periods and the treatment performance would vary seasonally. The short 
duration of the sampling period and the reduced number of samples do not permit any 
meaningful conclusions to be drawn in this regard. 
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Despite the limitations discussed above, the study has been successful in identifying the 
significant soil parameters that are likely to influence the treatment performance of 
subsurface effluent disposal systems. However most importantly it has strived to 
demonstrate the crucial role of the soil environment in the onsite treatment of sewage, 
particularly in the case of septic tanks. Septic tanks still continue to be used widely due 
to their simplicity and low operating cost. Also as Goonetilleke et al. (1999) have 
pointed out, even in the case of aerobic treatment of sewage, the subsurface disposal of 
effluent is preferable to surface irrigation. 
 
 
7. RESULTS AND DISCUSSION 
 
The results obtained from the sampling program is given in Appendix E to H. The 
analysis undertaken has been primarily on the basis of formulating the next phase of the 
research project as outlined in Figure 1. Therefore it should be noted that the discussion 
of results as given here is preliminary. A more detailed analysis and discussion will be 
undertaken in the next report to follow. It is also important to note that due to the 
limited number of samples analysed, the results obtained may not satisfy the 
requirements for statistical validity. 
 
The research undertaken pivoted on the ability of different soil types to undertake 
effluent treatment. Accordingly, this discussion too has been structured on this basis 
with the results obtained from the effluent and soil sampling analysed according to the 
different soil types. 
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Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches 
Total Organic Carbon ( mg/L) 
87 
72 
32 
30 
40 
17 
23 
23 
Piezometer 2 
Piezometer 1 
Trenches 
Distribution 
Box Total Dissolved Solids (mg/L) 
760 
600 
420 
340 
460 
420 
410 
470 
System: Septic 
Effluent:  Blackwater 
Total N (mg/L) 
Note: Values plotted are for different sampling episodes 
Figure 4 - Site 1: Effluent sampling results 
Soil Type:  Yellow Podzolic 
Suburb: Pinjarra Hills 
Age: 4 years 
Piezometer 1 
Piezometer 2 
Trenches 
71 
190 
2.0 
1.7 
3.7 
2.6 
4.6 
4.8 
Distribution 
       Box 
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Chloride (mg/L) 
Pizometer 1 
Piezometer  2 
Distribution 
Box 
Trenches 
41 
37 
51 
54 
Piezometer 2 
Piezometer1 
Distribution 
      Box 
Trenches Conductivity (µS/cm) 
4220 
2350 
1420 
1185 
1270 
1070 
Piezometer 2 
Piezometer 1 
Trenches 
Distribution 
Box 
pH 
8.1 
7.8 
6.9 
6.6 
6.9 
6.9 
Piezometer 2 
Piezometer1 
Distribution 
      Box 
Trenches Faecal Coliforms (cfu/100 mL)) 
n.s 
>6000 
14000 
340 
120 
800 
9 
30 
40 
Figure 4 (contd.) - Site 1: Effluent sampling results 
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Total N (mg/L) 
Piezometer 1 
Piezometer 2 
Envirotech 
Tank 
Underground trickle feed 
Garden 
Sand 
Filter 43 
38 
31 
24 
3.8 
4.9 
3.8 
28 
Piezometer 2 
Piezometer 1 
Envirotech 
Tank 
Total Organic Carbon  (mg/L) 
Sand 
Filter 
Underground trickle feed 
Garden 
16 
18 
31 
33 
55 
42 
44 
34 
Note: Values plotted are for different sampling episodes 
Site 4 - Effluent Sampling Results 
Soil Type:  Yellow Podzolic 
Suburb: Bellbowrie 
System: Septic 
Effluent:  Black and Greywater 
Age: 5 yrs 
Total Dissolved Solids (mg/L) 
Piezometer 1 
Piezometer 2 
Envirotech 
Tank 
Underground trickle feed 
Garden 
Sand 
Filter 560 
650 
1350 
1170 
1240 
1180 
1020 
1400 
Figure 5 – Site 4: Effluent sampling results 
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Chlorid (mg/L) 
Piezometer 1 
Piezometer 2 
Envirotech 
     Tank 
Sand 
Filter 
Underground trickle feed 
Garden 
340 
330 
230 
440 
Piezometer 2 
Piezometer 1 
Envirotech 
     Tank 
Conductivity ( µ s/cm) 
Sand 
Filter 
Underground trickle feed 
Garden 1750 1350 
2730 
1980 
2230 
2780 
Site 4 - Effluent Sampling Results 
Piezometer 2 
Piezometer 1 
Envirotech 
     Tank 
Faecal Coliforms (cfu/100 mL)) 
Sand 
Filter 
Underground trickle feed 
Garden n.s >6000 
<1 
<10 
<1 
<10 
pH  
Piezometer 1 
Piezometer 2 
Envirotech 
     filter 
Underground trickle feed 
Garden 
Sand 
Filter 5.9 
5.8 
7.2 
7.2 
7.5 
7.1 
Figure 5 (contd.) – Site 4: Effluent sampling results 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
170 
280 
62 
43 
60 
63 
14 
34 
Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches Total Organic Carbon (mg/L) 
110 
180 
27 
28 
29 
22 
19 
22 
Soil Type:  Red/ Yellow Podzolic 
Suburb: Anstead 
System: Septic 
Effluent:  Blackwater 
Note: Values plotted are for different sampling episodes 
Site 9 - Effluent Sampling Results 
Age: 4 yrs 
Total Dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
580 
820 
3230 
4280 
3000 
2270 
3200 
1830 
Figur 6 – Site 9: Effluent sampling results 
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Chloride  (mg/L) 
Piezometer1 
Piezometer 2 
Distribution 
Box 
Trenches 
2300 
1600 
1700 
970 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity  ( µ S/cm) 
3360 
3000 
10060 
6370 
8150 
4750 
Site 9 - Effluent Sampling Results 
Faecal Coliforms (cfu/100 mL)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
ns 
>6000 
2800 
1100 
200 
3000 
4900 
190 
>6000 
pH  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
8.1 
8.0 
6.6 
5.7 
 
6.7 
6.2 
 
Figure 6 (contd.) – Site 9: Effluent sampling results 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
75 
34 
2.5 
7 
2.3 
1.5 
2.3 
3.1 
Piezometer 2 
Piezometer  1 
Distribution 
       Box 
Total Organic Carbon (mg/L) 
Sand 
Mound 
50 
110 
37 
18 
25 
25 
24 
31 
Soil Type:  Gleyed Podzolic 
Suburb: Moggill 
System: Subsurface Disposal 
Effluent:  Greywater 
Note: Values plotted are for different sampling episodes 
Site 10 - Effluent Sampling Results 
Age:  17 yrs 
Total Dissolved Solids (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
380 
410 
1090 
1300 
1260 
660 
1040 
940 
Figure 7 – Site 10: Effluent sampling results 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
390 
420 
500 
290 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Conductivity  (µ S/cm) 
Sand 
Mound 
2170 
870 
2900 
2750 
2390 
2050 
Site 10 - Effluent Sampling Results 
pH  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
7.5 
6.3 
7.3 
69 
 
6.9 
6.2 
Faecal Coliforms (cfu/100 mL)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
ns 
3000 
>6000 
390 
1100 
580 
500 
>60000 
37000 
Figure 7 (contd.) – Site 10: Effluent sampling results 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
170 
320 
2.6 
2.5 
6.5 
2.3 
2 
5.2 
Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches Total Organic Carbon  (mg/L) 
86 
180 
37 
26 
30 
28 
20 
29 
Soil Type:  Gravelly Lithosol 
Suburb:  Upper Kedron 
System: Septic 
Effluent:  Black and Greywater 
Note: Values plotted are for different sampling episodes 
Site 18 - Effluent Sampling Results 
Age: 14 yrs 
Total dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
550 
720 
720 
440 
590 
390 
520 
690 
Figure 8 – Site 18: Effluent sampling results 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
46 
40 
36 
30 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity ( µ S/cm) 
2070 
3010 
562 
670 
1175 
374 
490 
1070 
8.3 
7.2 
7.3 
7.4 
6.8 
7.6 
7 
6.5 
Site 18 - Effluent Sampling Results 
n.s 
>6000 
>60000 
>6000 
>6000 
>60000 
>6000 
>6000 
400 
pH  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
Faecal Coliforms (cfu/100 mL)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
Figure 8 (contd.) – Site 18: Effluent sampling results 
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Piezometer 2 
Piezometer 1 
Dowmus 
Garden Drip feed Total Organic Carbon  (mg/L) 
14 
28 
9 
12 
16 
11 
7 
9.6 
Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Dowmus 
Garden Drip feed 
1.2 
1 
10 
44 
28 
12.6 
8.9 
3.3 
Soil Type:  Yellow Podsolic  
Suburb:  Burpengary 
System:  Dowmus 
Effluent:  Black and Greywater 
Note: Values plotted are for different sampling episodes 
Site 19 - Effluent Sampling Results 
Age:  1.5 yrs 
Total Dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Dowmus 
Garden Drip feed 
560 
470 
420 
690 
510 
960 
900 
660 
Figure 9  – Site 19: Effluent sampling results 
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Piezometer 2 
Piezometer 1 
Dowmus 
Garden drip feed Conductivity ( µ S/cm) 
1070 
1014 
435 
820 
881 
1008 
1680 
1448 
6 
6.1 
5.9 
6.4 
5.7 
5.6 
6.4 
5.6 
Chloride ( mg/L) 
Piezometer 1 
Piezometer 2 
Dowmus 
Garden Drip feed 
190 
170 
410 
320 
Site 19 - Effluent Sampling Results 
n.s 
5500 
>6000 
<1 
<10 
540 
<1 
<10 
1 
Piezometer 2 
Piezometer 1 
Dowmus 
Garden drip feed Faecal Coliforms (cfu/100 mL)  
Piezometer 2 
Piezometer 1 
Dowmus 
Garden drip feed pH 
Figure 9 (contd.) – Site 19: Effluent sampling results 
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7.1 Effluent Testing 
 
The results obtained is tabulated in Appendix E and plots of the results are included in 
Appendix F. A sample of these plots are given in Figures 4 – 9 for Site 1, 4, 9, 10, 18 
and 19 to substantiate the conclusions given below. 
 
A. Effluent renovation 
The five soil groups in the Brisbane region and listed in Table 1 have different physico-
chemical characteristics (Beckmann et al. 1987). These characteristics are among the 
principal agents of effluent renovation in the case of subsurface disposal (Bridge & 
Probert 1993). A primary focus of the research project is to relate the extent of treatment 
provided by the effluent disposal area to the soil type. However in reviewing the test 
results obtained from the different sampling episodes, it is not possible to distinguish 
between different soil types without ambiguity. The results given in Figures 4, 7 and 8 
illustrate this conclusion. 
 
Under these circumstances, it has been hypothesised that effluent renovation is 
significantly influenced by the combination of various physico-chemical parameters 
rather than single parameters. A single parameter taken in isolation may indicate 
favourable conditions. However there could be other parameters that would counteract 
this advantage. This would make the processes involved strongly site specific. 
Additionally, other factors that would have a bearing on effluent treatment would be the 
initial effluent quality leaving the septic tank, depth of the soil ‘A’ horizon and the 
physico-chemical characteristics of the ‘B’ horizon. Hence these hypotheses would 
form the basis of the next phase of the research project. 
 
B. Travel Distance 
Generally the improvement in effluent quality appear to take place only within the 
initial 1 m of travel. An appreciable further improvement in quality is not apparent 
between the 1 - 3 m distance. This conclusion is similar to that derived by other studies 
(for example Brouwer and Bugeja 1983). However contrary to other studies an 
improvement in Total Nitrogen is also noted. This is an important issue that would 
require further investigation. It is very important to note that the above conclusion 
relates only to the degree of quality improvement that is obtained. This does not mean 
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that the quality that is obtained is satisfactory. The few exceptions appear to be Site 4, 9, 
14 and 21 in respect of nitrogen. This is illustrated in Figures 5 and 6. Additionally in 
the case of Site 9, there is an appreciable improvement in a number of other parameters 
also. As pointed out in Table 3, Site 9 is a very flat, poorly drained area. Therefore it 
can be concluded that the additional travel distance is beneficial for the further 
improvement of effluent.  
 
In summary, the results obtained imply that in a significant majority of the sites 
investigated, the quality that is achieved within the initial 1 m of travel is the final 
quality. This hypothesis could be interpreted to mean, that while the concentration of 
pollutants may be expected to decrease with distance due to dispersion and dilution, the 
total quantity percolating into a water course or aquifer may be determined by the 
processes occurring in the initial few meters. 
 
Under these circumstances it is open to question whether the common practice of 
stipulating setback distances from sensitive water bodies is of any tangible value. 
However this argument should be tempered with the fact that: 
• only a small number of effluent samples were analysed; 
• the quality of effluent over longer distances of subsurface travel were not 
investigated. Significant improvement in quality over longer distances is always a 
distinct possibility. 
 
Therefore this is an issue that strongly merits further investigation. 
 
C. Comparison with sewage treatment plant effluent quality 
As a further check on the quality of treatment undertaken by the soil absorption system, 
the results of the effluent testing program was compared with effluent discharge values 
from a large conventional wastewater treatment plant operating at full capacity. A 
treatment plant that does not have any specialised processes for the removal of nutrients 
was selected for this purpose. Table 8 below gives the average, maximum and minimum 
values for BOD, pH and Total Nitrogen for the period 22/02/00 to 24/01/00 and for 
faecal coliforms for the period 22/02/99 to 2/11/99 (Woolley, pers. comm.).  
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Table 9 below gives a comparison with the test results obtained from the effluent 
sampling program. The comments given in the table are subjective, particularly in the 
case of faecal coliforms and is based on the average and maximum values given in 
Table 8 above. Once again it is important to note that only a very small sample of 
effluent values (2 – 3 values) from onsite sewage treatment systems has been compared 
with a  large sample of values from the treatment plant (35 – 45 values). 
 
Table 8 – Effluent discharge values from a conventional treatment plant 
Parameter Average Maximum Minimum 
Total Nitrogen mg/L 27.8 46.5 19.3 
pH 7.3 7.6 7.0 
Faecal Coliforms cfu/100 mL 395 >6001 1 
 
Table 9 – Comparison with effluent values given in Table 8 
Site system parameter 
Total N pH Faecal colifoms 
1 Septic Low Low Low 
3 Biocycle Low Low Similar 
4 Envirotech Similar Similar Low 
8  Septic Very low Low Similar 
8  Greywater Very low Low Similar 
9 Septic Low Very high High 
10 Greywater Very low Low High 
12 Biocycle Similar High Similar 
13 Septic Low Low High 
14 Septic Low Low Similar 
15 Dowmus Low Similar High 
17 Biocycle Similar Low Low 
18 Septic Similar Low High 
19 Dowmus Very low Low Low 
20 Septic Very low Similar Low 
21 septic Very low low Similar 
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The following observations can be made based on Table 9: 
• Overall in terms of performance it is difficult to distinguish between septic systems 
and AWTS. This same comment has been made in Section 7.1F. 
 
• In regards to Total Nitrogen, the results compare well with treatment plant values. 
The only significant failure is Site 9. As Table 7 has pointed out, this site is in a very 
unsatisfactory condition. In the case of Site 12, it is piezometer 2, which is further 
away than piezometer 1, which indicates unsatisfactory values. Possible reasons for 
obtaining higher parameter values has been discussed in Section 7.1G. 
 
• On an initial assessment it would appear that in regards to faecal coliforms too, most 
systems are functioning satisfactorily. However the success rate is lower than in the 
case of Total Nitrogen. However it should noted that the treatment plant results 
indicate that the values obtained on 15/06/99 and 23/08/99 are exceptionally high 
and has distorted the maximum and average values. Excluding these two values 
gives much lower values of 55 and 400 cfu/100 mL for the average and maximum 
readings. Other than for three systems, all others show high values, including some 
AWTS. It should also be noted that one of the sites that indicate high values is Site 
10 which is a greywater disposal system. Currently part of the greywater at this site 
is being siphoned out using a garden hose and spread around the garden. 
 
• The widest range of results is in the comparison of pH values. Other than for 8 sites, 
the other sites show values much lower than 7, with sites 19, 20 and 21 showing 
values less than 6. This could be attributed to the acidic nature of most soil types. 
 
• However it is important to note that the results discussed above relates only to the 
effluent percolating through the subsurface. In the case of five systems out of 
sixteen, some type of failure of the effluent disposal system was noted. Therefore 
even though the subsurface may be treating the effluent to a satisfactory quality, 
failure of the system could result in poor quality effluent flowing over the surface. 
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D. Relationships with electrical conductivity 
The electrical conductivity is a measure of the salinity of the water. As noted by 
Beavers (1993) the values for electrical conductivity and total dissolved solids are 
interchangeable, and the ratio of the two values is generally in the range of 0.5 – 0.7. 
Beavers (1993) further quotes a factor of 0.64 for assessment of treated effluent for 
irrigation. The results obtained confirm this relationship as illustrated in Figure 10. 
However the gradient obtained is 0.42 and is about 30% less than the value quoted by 
Beavers (1993). This would mean a higher EC value and hence a higher salt content in 
the effluent than what is advisable for use in irrigation. A consequence of this would be 
the accumulation of salts to a concentration to be harmful to crops or the landscape if 
continuous irrigation is undertaken with the effluent. The rate of salt accumulation is 
dependent on the amount remaining after removal by leaching. Therefore good drainage 
is essential to ensure that salt accumulation on the surface does not reach harmful levels. 
This issue clearly indicates the need for further research to evaluate the suitability of 
various soil types for surface irrigation of effluent where the TDS/EC ratio is less than 
0.5. 
 
High EC values are also evident in the case of some of the AWTS where surface 
irrigation of effluent is being undertaken. However it is important to note that this is not 
an artefact of the treatment process but rather an indication of the quality of the 
wastewater generated in the household. Nevertheless the crux of the issue is that surface 
irrigation of effluent of this quality would mean the accumulation of salt on the land 
surface and the deleterious impacts that this entails. 
 
A relationship similar to the one above also seem to exist between electrical 
conductivity and the chloride concentration. This is illustrated in Figure 11. The 
coefficient of correlation is relatively less in this instance. It is 0.92 as compared to 0.96 
for the previous relationship. Also the review of Figure 11 indicates that the relationship 
between the two parameters do not apply equally to all the different soil types 
investigated. The relationship for the lithosol and prairie soils are quite divergent to that 
for the other soils. Chloride concentration is an indication of the extent of leaching 
taking place. Therefore the results would indicate that being coarser grained and more 
permeable, these two soil types would have relatively higher infiltration rates (Bell 
1993). These issues will be further investigated in the next phase of the research project. 
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Figure 10 - Graph of total dissolved solids vs electrical conductivity 
  
Line of best fit 
TDS  = 0.4202 EC 
R = 0.96 
TDS = 0.64 EC 
(the relationship suggested by  
Beavers 1993 for effluent irrigation) 
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Figure 11 - Graph of chloride concentration vs electrical conductivity 
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E. Sodium Absorption Ratio (SAR) 
The SAR of the effluent and ESP of the soil are important factors in assessing effluent 
suitability for disposal to the soil. SAR is calculated by using the following formular:  
2
)MgCa(
NaSAR
22 ++
+
+
=  
As the above equation shows, a high sodium ion concentration in the effluent will result 
in a high SAR value. This is detrimental to the subsurface disposal area as the sodium 
will replace other cations on the soil exchange complex resulting in a high 
Exchangeable Sodium Percentage (ESP). This will result in sodicity problems such as 
clay particle dispersion and reduced permeability. Sodium is mainly introduced into the 
effluent by the use of various detergents.  
 
McIntyre (1979) found that a SAR value of above 5 will cause Australian soils to 
disperse thereby decreasing the infiltration rate and reducing the hydraulic conductivity. 
Beavers (1993) has noted an SAR range of 6-10 depending on soil type as causing soil 
permebility problems. Patterson (1994, 1997) has given this threshold value above 3 to 
be undesirable.  
 
As the above discussion indicates, there is unanimity with regards to the detrimental 
impacts on the soil due to high SAR values in the effluent. However there is some 
confusion with regards to this threshold value. This issue would be further investigated 
in the next phase of the research project.  
 
Table 10 gives the SAR values for a selected number of study sites. The samples were 
taken from the distribution box. As the results indicate, only two sites (Site 4 and Site 
21) have shown high SAR values for the effluent. 
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Table 10 - SAR values from Study Sites 
Site system SAR values for different sampling episodes 
1 2 3 
1 septic 3 4  
4 envirotech 6 6  
8 septic 3 3 4 
9 septic 5 4  
10 greywater 4 4  
13 septic 2 2  
15 dowmus 3 3  
18 septic 2 3  
19 dowmus 2 3  
20 septic 2 2 2 
21 septic 9 8 7 
 
F. Comparison of different site results 
• Use of AWTS for sewage treatment may provide effluent of higher quality suitable 
for surface disposal. However on the whole, after a 1-3 m of travel through the 
subsurface, it is not possible to distinguish any significant differences in quality 
between those originating from septic tanks and AWTS. This same comment was 
been made in Section 7.1C. 
• As expected, the well drained sites (Site 1, 8, 13 and 18) generally had lower 
chloride and TDS concentration and electrical conductivity values when compared 
to the sites with heavier clay soils (Site 9 and 10). 
 
G. Inconsistency in parameter values 
In a number of instances, some of the effluent parameter values obtained at piezometer 
2 were higher than the values obtained at piezometer 1. Except  for Site 12, 15, 17 and 
19, this situation is quite random for the other sites. In the case of the other sites, the 
possible reasons that could be attributed are: 
• this could be due to testing error considering the fact that the differences in most 
instances are marginal and the values obtained are at a relatively low level; and/or, 
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• this is due to the general fluctuation in parameter values considering the large 
number of factors that can influence the quality of effluent percolating through the 
soil. 
 
In the case of Site 12, 15, 17 and 19, there does not appear to be an easy explanation. 
However coincidently all the sites have AWTS installed. Therefore the most logical 
explanation, considering the fact that four out of six AWTS sites monitored exhibited 
similar results is that there would have been leakage of effluent from the surface into the 
piezometer. This would have been due to a concentration of effluent flows over the 
surface. All four sites employed surface effluent disposal practices. Though every care 
was taken to ensure that the piezometers were located away from the effluent disposal 
area and any surface runoff lines, effluent seeping through the surface is a distinct 
possibility. The reasons for this situation to occur are discussed below for each site. 
This is based on the observations noted in Table 7 above. 
• In the case of Site 12, the effluent distribution pipes on the above ground mound 
have been damaged and the effluent is flowing over the surface. 
• Site 15 was located on steeply sloping land and the subsurface had a permeable 
profile with decomposed granite. Therefore it could also be possible that the second 
piezometer was located on a preferred flow path. 
• In the case of Site 17, the effluent disposal is to an above ground wetland. Seepage 
from the earth banks was noted. 
• Site 19 is located on flat land and it is possible that there would be temporary 
ponding of effluent on the surface. 
 
 
7.2 Soil Testing 
 
The current phase of the research project focussed primarily on effluent treatment 
performance. The soil investigations undertaken were preliminary and was meant to act 
as a prelude to the more detailed investigations envisaged for the next phase of the 
research project. The discussion provided below should be evaluated on this basis. 
Additionally, the soil testing was undertaken only in a limited number of sites for each 
soil type. The criteria adopted for the selection of test sites were that the different soil 
types needed to be represented and also a range of system ages. The results obtained is 
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tabulated in Appendix G and plots of the results are included in Appendix H. A sample 
of these plots are given in Figures 12 – 14 for Site 1, 4 and 18 to substantiate the 
conclusions given below. 
 
Comparing the EC and chloride concentration values at the two piezometer locations, 
there are numerous instances where the value at the second site is higher than the first. It 
has been hypothesised that this is due to effluent percolating through the ‘A’ horizon in 
dilute pulses from the absorption trenches during periods of saturation (Brouwer & 
Bugeja 1983). Saturated conditions will initially form closest to the trench and the 
effluent will move through the soil profile forming fronts of elevated parameter levels. 
 
The following brief discussion has analysed the results obtained in respect of each soil 
type individually. The conclusions given are preliminary. The issues raised will be 
further investigated and substantially supplemented in the next phase of the research 
project. 
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Control 
Piezometer 1 
Peizometer 2 
200 
150 
120 
90 
100 
60 
1410 
4350 
A 
B 1.32m 
Trenches 
0.8m 
1550 
1650 
0.8m 
C 
Jointed Shale 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
7.4 
<1 
6.4 
<1 
<1 
<1 
6.9 
6 
4.3 
7 
A 
B 1.32m 
Trenches 
0.8m 
0.8m 
C 
Figure 12 - Site 1:  Soil sampling results 
Suburb:  Pinjarra Hills 
Soil Type:  Yellow podsolic 
System:  Septic 
Effluent:  Blackwater 
 
Note:  values plotted are for different  
sampling depths 
Conductivity Profile (µS/cm) 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
120 
60 
90 
80 
90 
256 
117 
245 
121 
120 
88 
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A 
B 
SAND 
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1.2m 
0.9m 
1.0m 
C 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
7.3 
<1 
26 
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15 
8.2 
6.8 
4.7 
36 
37 
A 
B 
SAND 
MOUND 
1.2m 
0.9m 
1.0m 
C 
Figure 13 - Site 4:  Soil sampling results 
Suburb:  Bellbowrie 
Soil Type:  Yellow podsolic 
System:  Envirotech 
Effluent:  Black and greywater 
 
Note: values plotted are for different 
Sampling depths 
 62 
 
 
 
 
 
 
 
 
 
 
 
 
Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer  2 
150 
70 
70 
90 
50 
2041 
1221 
5000 
5140 
751 
1104 
1698 
A 
B 
Trenches 
0.9m 
0.85m 
0.8m 
Weathered Phyllite? 
Chloride Profile (mg/Kg) 
Piezometer  2 
Piezometer 1 
Control 
30.7 
12.6 
13.7 
35.7 
12.4 
4.1 
4.8 
8.3 
12 
4.1 
4.2 
4.2 
A 
B 
0.9m 
0.85m 
Trenches 
0.8m 
Weathered Phyllite? 
Figure 14 - Site 18:  Soil sampling results 
Suburb:  Upper Kedron 
Soil Type:  Lithosol 
System:  Septic 
Effluent:  Black and greywater 
 
 
Note: values plotted are different  
sampling depths 
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A. Podsolic Soils 
 
Generally the electrical conductivity levels were significantly higher than background 
levels. Chloride levels in the more permeable soils are similar to background levels. It 
can be postulated that effluent flows are essentially downward at Site 1 and 8 with an 
increase in the chloride concentration with depth. The low chloride concentration values 
indicate that the soil profiles are highly leached. The high EC values could be attributed 
to the deposition of salts by the effluent. This issue was discussed in detail in Section 
7.1D. 
 
In the case of Sites 4 and 9, the chloride concentration is increasing more rapidly with 
depth with a relatively low concentration in the ‘A’ horizon. This indicates that the 
effluent flow would be both, lateral along the top of the ‘B’ horizon and also 
downwards. These soils which are under continuous leaching due to percolating effluent 
will cause weathering and the formation of clays and its illuviation down the profile. 
This clay enrichment deeper in the profile will reduce hydraulic conductivity, thereby 
impeding drainage and cause waterlogging. A good example of this phenomenon is Site 
4. 
 
B. Lithosols 
The EC values are generally higher than background levels. Chloride values are very 
low compared to background levels indicating the leaching of the soil profile. This 
would mean that the effluent movement would be primarily downwards. Site 18 shows 
EC increasing with depth and values are significantly higher than control values. This 
could be attributed to the deposition of salts by the effluent. 
 
C. Gleyed Podzolics 
These soils exhibit very low chloride concentration and EC values within the ‘A’ 
horizon, but significantly higher levels within the heavier clay B horizon. The Chloride 
values are high compared to background levels and have similar values to the effluent 
samples. These characteristics are indicative of the poor drainage of the soils and 
ponding may occur often. Therefore effluent loss due to evapotranspiration would be 
relatively significant. 
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D. Prairie Soils 
Prairie soils exhibit both chloride concentration and EC values very similar to the 
background levels with both parameters showing a decrease with depth. This would 
indicate that effluent flow would be primarily lateral through the ‘A’ horizon. 
 
E. Krasnozems 
Krasnozems commonly have mildly acidic surfaces with acidity increasing with depth. 
The predominantly red colour resulting from oxidised iron compounds generally 
indicate good aeration throughout the profile. The chloride concentration shows a steady 
increase with depth. The distance from the absorption field does not appear to have a 
significant influence in this regard. It can be concluded that the effluent flow is 
generally downwards. 
 
 
8. SUMMARY OF KEY FINDINGS 
 
The key findings from the investigation undertaken are summarised below. 
1. There is very poor appreciation of the need for maintenance among house owners 
(Section 5.2A). 
 
2. The disposal of greywater is unsatisfactory. The most common approach is the use 
of garden hoses as a siphon to spread the greywater around the garden (Section 
5.2B). 
 
3. Most sites indicated a significant lateral flow of effluent (Section 5.2C). 
 
4. Subsurface investigations to a greater depth than what is generally undertaken in a 
percolation test is strongly advisable (Section 5.2D). 
 
5. Five of the sixteen sites monitored were found to have problems with the effluent 
disposal systems. This indicates a high percentage failure rate (Table 7). 
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6. Effluent renovation is primarily undertaken by a combination of various soil 
physico-chemical parameters rather than single parameters. A single parameter 
taken is isolation may indicate favourable conditions. However there could be other 
parameters that could counteract this advantage. Therefore this makes the effluent 
renovation processes involved strongly location dependent (Section 7.1A). 
 
7. The improvement in effluent quality seem to take place only within the initial 1 m of 
travel. This only refers to the degree of improvement in quality and does not mean 
that the quality that is obtained is satisfactory. This hypothesis could be interpreted 
to mean, that while the concentration of pollutants may be expected to decrease with 
distance due to dispersion and dilution, the total quantity percolating into a water 
course or aquifer may be determined by the processes occurring in the initial few 
meters. Though similar results have been obtained by other researchers, contrary to 
their findings an improvement in Total Nitrogen was also noted within this distance 
in current study. This is an issue that needs further investigations (Section 7.1B). 
 
8. In comparison with effluent quality from a conventional wastewater treatment plant, 
most systems were found to perform satisfactorily with regards to Total Nitrogen. 
The success rate was much lower in the case of faecal coliforms. However it is 
important to note that five of the systems exhibited problems with regards to 
effluent disposal resulting in surface flow. This could result in possible 
contamination of surface water courses (Section 7.1C). 
 
9. The ratio of TDS to EC is about 0.42 whilst the optimum recommended value for 
use of treated effluent for irrigation should be about 0.64. This would mean a higher 
EC value and hence a higher salt content in the effluent than what is advisable of use 
in irrigation. A consequence of this would be the accumulation of salts to a 
concentration harmful to crops or the landscape if continuous irrigation is 
undertaken with the effluent if adequate leaching is not taking place. These 
relatively high EC values are present even in the case of AWTS where surface 
irrigation of effluent is being undertaken. However it is important to note that this is 
not an artefact of the treatment process but rather an indication of the quality of the 
wastewater generated in the household. Nevertheless the crux of the issue is that 
surface irrigation of effluent of this quality would mean the accumulation of salt on 
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the land surface and the deleterious impacts that this entails. This clearly is an 
important issue that needs further research to evaluate the suitability of various soil 
types for the surface irrigation of effluent where the TDS/EC ratio is less than 0.5 
(Section 7.1D). 
 
10. AWTS may provide effluent of a higher quality suitable for surface disposal. 
However on the whole, after a 1 – 3 m of travel through the subsurface it is not 
possible to distinguish any significant differences in quality between those 
originating from septic tanks and AWTS (Section 7.1F). 
 
11. The observations noted above have important implications in the management of 
onsite sewage treatment. Therefore it is advisable to undertake further investigations 
to obtain more definitive conclusions and statistical validity. 
 
 
9. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER 
RESEARCH 
 
The current report has focussed on the field sampling phase of the research project. In 
the course of undertaking this component of work, a number of important conclusions 
have been derived. These have been discussed in the relevant chapters and summarised 
in Chapter 8. However it is important to note that due to the scope of work undertaken, 
the results obtained should be used for purposes of guidance only. 
 
Considering the nature of the conclusions derived and their possible wide ranging 
implications for the management of onsite sewage treatment, further detailed 
investigations is strongly recommended. This particularly refers to two issues. 
1. The degree of effluent renovation including the reduction of Total Nitrogen 
concentration with distance undertaken by the subsurface effluent disposal field. 
This has significant implications relating to setback distances. 
2. The impact of surface irrigation of effluent on the landscape relating to the build up 
of salts. 
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10. FUTURE DIRECTIONS FOR THE PROJECT 
 
In the current phase of the research project, a number of chemical indicators such as EC, 
pH and chloride concentration were employed to investigate the extent of effluent flow 
and to understand how soil renovates effluent. The soil profile, especially texture, 
structure and moisture regime was examined more in an engineering sense to determine 
the effect of movement of water into and through the soil.  
 
However it is not only the physical characteristics, but the chemical characteristics of 
the soil which play a key role in the effluent renovation process. Therefore in order to 
understand the complex processes taking place in a subsurface effluent disposal area, it 
is important that the identified influential parameters are evaluated using soil chemical 
concepts. Consequently the primary focus of the next phase of the research project will 
be to identify linkages between various important parameters. The need to investigate 
this dimension in respect of the various soil physico-chemical parameters was pointed 
out in Section 7.1A. The envisaged research strategy has been outlined in Figure 1 
above. 
 
The specific activities to be undertaken would include the correlation of various 
quantitative parameters such as EC, pH and chloride concentration with qualitative 
parameters such as colour and mottling along with clay content to gain an insight to the 
complex chemical processes taking place during the effluent renovation process. Colour 
is an important characteristic and can be used as an indication of soil wetness or to 
detect fluctuations of the water table. As an example, a soil with uniform bright colours 
is an indication of good oxidation or aeration of the soil whereas a dull or mottled 
colour indicates that much of the airspace in the soil has been replaced by water for 
extended periods of time. The chemical reduction of iron causes greyish colours to 
dominate or results in an irregular mixture of different colours referred to as mottling.  
 
The importance of soil chemical processes can be determined from the fact that in the 
case of some soil types, the processes resulting from the application of effluent to a 
subsurface disposal field is of a similar nature to in-situ weathering. As Koppi (1980) 
notes, the clay distribution within a soil is determined by parent materials, mineral 
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weathering, clay type, surface chemistry, moisture and water movement. Koppi and 
Williams (1980) have postulated that clay is removed by lateral water movement and 
that this is significant in the formation of the texture contrast in some soils. 
 
Additionally, the evaluation of the Exchangeable Sodium Percentage (ESP) in both the 
‘A’ and ‘B’ horizons would provide a better understanding of the impact of excessive 
sodium on the physical behaviour of the clay horizon. Excessive sodium concentration 
in effluent has been cited as a common cause of subsurface disposal system failure 
(Patterson 1994, 1997). It is important that the ‘B’ horizon is also considered for this 
analysis as the major impact of excessive sodium is on the physical behaviour of the 
clay horizon. Baker and Eldershaw (1993) found that soils with high sodicity tend to 
lose aggregation, resulting in clay dispersion, impermeability, surface crusting and poor 
aeration. In general, soil ESP exceeding 6 on the surface (and 15 at depth) warrant 
consideration as potentially dispersible soils which will influence surface structure and 
water movement. It is the clay content that primarily influences sodicity. The 
relationship between soil permeability, clay dispersion and ESP will be investigated by 
also taking into account the effective cation exchange capacity and individual 
exchangeable cations. Cation exchange is an important property in soils as it helps to 
retain the basic nutrient cations against leaching.  
 
Work in this area would also entail the examination of the relationship between ESP 
and the domination of various cations. The domination by calcium relative to 
magnesium and sodium would result in the soil having good physical properties (Baker 
& Eldershaw 1993). However according to Baker and Eldershaw (1993), if the 
concentration of magnesium to calcium ratio is greater than 1 and if the ESP is greater 
than 6, there is increased soil susceptibility to dispersion.  
 
The detailed soil investigations discussed above will be undertaken for a number of 
suitable sites selected from the results of the current monitoring study. The soil profiles 
will be analysed to a minimum depth of 1.2 m. The results obtained from the envisaged 
analysis will enable the development of a better understanding of the effluent renovation 
process taking place in subsurface disposal systems. Additionally it would assist in 
relating effluent treatment performance to soil characteristics. 
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APPENDIX A 
 
CHECKLISTS USED FOR FIELD MONITORING 
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Checklist 1 
 
Name:…………………………………………………………………………………… 
Address:…………………………………………………………………………………. 
Telephone:…………………………………. 
No of people:…………… 
Type of System: 
Septic/Aerobic…………………………………………………………………………… 
Grey/black 
…………………………………………………………………………………………… 
Distribution - sprinkler/subsurface... 
 
Availability for inspection………………………………………………………………. 
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Checklist 2 
Site…………………… 
 
Check List – Initial visit 
General 
Date:………………… 
Owner:……………………………………………………… 
Street address:……………………………………..………Suburb………..….……..….. 
Telephone:……………Land extent:…………………Refidex location:……………..… 
Location: suitable/not suitable   
Reasons……………………………………………………………………….………….. 
Plans available:  yes/no  soil investigation report available: yes/no  
Dogs: yes/no   Power available/not available Distance to 
wells:………………..….… 
No. of people in residence:………. Occupancy:……………………………...…………. 
Comments:…………………………………………………………………………..…… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
 
Sewage treatment 
Type of treatment system:…………………………………..Size:……………………… 
Type of water being treatment: black only/black + grey  Age:……………… 
Effluent disposal system (including area & depth):……………………………..……….. 
……………………………………………………………………….……...…………… 
Grey water disposal system:…………………………………………………………….. 
Recent maintenance undertaken:………………………………………………………... 
Problems 
encountered:……………………………………………………………………………... 
Comments:………………………………………………..……………………………… 
……………………………………………………………………………………………. 
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Site conditions 
Expected soil type:………………... Actual soil type:…………………………….. 
Geology:……………………………………….…….Terrain:  level/sloping/landscaped 
Vegetation:………………………………………………………………………………. 
Ground conditions:……………………………………….……………………………… 
Comments:………………………………………………….…………………………… 
…………………………………………………………………………………………… 
…………………………………………………………….……………………………... 
………………………………………………………….………………………………... 
………………………………………………………….………………………………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
 
Site history 
Fertiliser application:  yes/no        Animals: yes/no 
Previous 
usage:…………………………….……………………….…………………………….. 
Current 
usage:…………………………….………..…………………………………………….. 
Comments:……………………………………..………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………... 
…………………………………………………………………………………………... 
………………………………………………………………….………………………... 
Other Comments:………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
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Checklist 3 
Site…………………… 
 
Check List – Installation of Monitoring Wells 
General 
Date:…………………        Refidex 
location:……………… 
Owner:………………………………………………………………Soil 
type:……………….……… 
Street 
address:……………………………………………..………Suburb……………………
……... 
Additional data needed to be obtained (information that was not obtained during the 
previous visits) 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
General availability for taking water samples:...………………………………………… 
Comments:……………………………………………………………………………… 
Monitoring wells 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Show information such as water table depth, soil types and depth, overall depth of 
well, location where soil samples were taken. Example  Br/Wi/10/W1/0.3 where, Br  
-abbrev. for suburb, Wi –abbrev. for street name, 10 - street no., well no., depth of 
well in m. 
Depth Well 1 (1m distance) Comments  Depth Well 2 (3m distance) Comments  
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Site conditions 
Ground 
conditions:……………………………………………….……………………………… 
Subsurface 
conditions:………………………………………………..……………………………… 
…………………………………………………………………………………………… 
…………………………………………………………….……………………………... 
Water table……………………………………………………………………………….. 
Comments:…………………………………..…………………………………………… 
………………………………………………………….………………………………... 
………………………………………………………….………………………………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
 
Other Comments:………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
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Site Plan 
Show locations, dimensions/distances where applicable of the following: 
• Treatment system 
• Power supply 
• Property boundary 
• Monitoring wells  
• Other important features 
 
• Soakage area/trenches/beds 
• Direction of ground slope 
• Area being irrigated (if any) 
• Direction of road access  
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APPENDIX B 
 
SOIL LANDSCAPE SYMBOLS 
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Soil landscape Dominant soil group 
Soils showing little profile development 
Low lands     
Logan (L)  Salt marsh (SM) Alluvial soils and saline mud 
Mud flats 
 
(MF) 
High Hills     
Chermside) (Cm)  Mt Cotton (MC) Lithosols 
Enoggera (En)  Priestdale (P) 
Mt Cootha 
 
(MCo)  Pullenvale (PU) 
Soils showing weak profile differentiation 
Archerfield (A)  Runcorn (Ru) Black earths and prairie 
soils Brisbane River (Be)  Waterford (Wa) 
Brookfield (Br) 
 
  
Soils dominated by  sesquioxides   
Aspley (As)  Elphinstone (El) Red earths and Krasnozems 
Birkdale (Bk)  Manly (M) 
Bracken Ridge (BR)  Moggill (Mo) 
Clayfield (Cl)  Redlands (R) 
Corinda 
 
(Co)  Sunnybank (S) 
Soils with markedly differentiated profiles 
Beenleigh (B)  Sainford (Sa) Red podzolic 
Boombanna (Bo)  Toowong (T) yellow podzolic 
Carbrook (Ck)  Witty  (Wy) red-yellow podzolic soils 
Park Ridge (Pr)  Woodridge (W)  
Nundah (Nu)  
 
  
Soils showing the influence of poor drainage 
Blunder (Bl)  Swamp (Sw) Gleyed podzolics and 
humic gleys Erapah (E)  Willawong (Wg) 
Lota (Lt)  Woongoolba (Wo) 
Moggill Creek  (MCk)   
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APPENDIX C 
 
SITE LAYOUTS 
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Site    1    Location: Pinjarra Hills 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
 
HOUSE 
Trenches 
 W1 
 W2 
 Control 
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Site    3    Location: Bellbowrie 
        Biocycle                   Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
 
HOUSE 
 
Garden 
 
Shed 
 W1 
 W2 
Clay Bund around 
garden edge 
Creek 
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Site    4    Location: Bellbowrie 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Road 
B
irk
in
 R
oa
d 
 
 
HOUSE 
Sand Filter Bed 
Sub Surface Drip System 
Garden 
G
ar
de
n 
Fence 
 
 W2 
 Control 
 W1 
Failed Septic Tank 
location 
Envirotech System 
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Site   5     Location: Bellbowrie 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 W1 
Trenches 
 
 
 
HOUSE 
Steep 
Gentle 
 W2 
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Site    8    Location: Anstead 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
HOUSE 
Sand Trenches 
Mounds with Geofabric 
Garden 
Mulch Beds 
 W1 - Grey 
 W1 - Black 
 W2 - Grey 
 W2 - Black 
 Control 
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Site    9    Location: Anstead 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
HOUSE 
Tr
en
ch
es
 
 
 
 G 
   
 
 G 
 
   
 W2 
 W1 
 Control 
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Site    10    Location: Anstead 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
Pool 
 
 
HOUSE 
 
Sand Dome 
W1 
W2 
 Control 1 
 Control 2 
Sago 
Palms 
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Site    12    Location: Brookfield 
        Biocycle                   Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
HOUSE 
Lawn 
Bark Disposal Beds 
 
Very Steep 
grassy slope 
with some trees 
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Site    13    Location: Brookfield 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
HOUSE 
Trenches 
Flat Lawn Area 
 W1 
 W2 
 Control  
 91 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Site    14    Location: The Gap 
        Septic Tank & Sullage                  Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
 
HOUSE 
Pool 
Water Tanks 
Trenches 
 W1 
 W2 
Surface Runoff  
Smelly odour 
Control 
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 Control 
Site    15    Location: The Gap 
        Dowmus Tank            Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
 
HOUSE 
 W1 
 W2 
Pump & 
Filter 
Forre
t 
Steep 
slope 
Control 
Vegetation 
Cleared 
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Site    17    Location: Kepperra 
        Biocycle                   Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
HOUSE 
 W
et
la
nd
 
W1 
W2 
Mound 
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Site    18    Location: Upper Kedron 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
Trenches with slotted Domes 
Gravel beds 
 
 
 
HOUSE 
 W1 
 W2 
 Control 
Thick, low 
vegetation cover 
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Site    19    Location: Burpengary 
          Dowmus                  Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 
 
 
HOUSE 
 
 
Cabin 
Filter & 
Pump 
 Control 
Fence 
Garden 
Numerous 
outlets 
 W2 W1 
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Site    20    Location: Bridgeman Downs 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
Boundary 
 Control 
Tr
en
ch
es
  
Garden 
 
 
HOUSE 
W2 W1 
Site    21    Location: Bridgeman Downs 
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope 
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Borehole Log :
 Date :  02/08/1999 Drill Tool    :  100mm Hand Auger
 Location :  Bottom side of house Soil Type    :  K
 Geology :  Neranleigh-Fernvale Soil Profile :  Yellow Podsolic
 Well Number :  1 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
Brown, sandy loam Very saturated at base
PH / MO / 2546 / W1 Wet, highly permeable Water seeping at 
Sample @ 0.4m A 30% 6.6 1410 6.9 400-500mm depth
Possible fill
0.5
Yellow-brown clay Wet
PH / MO / 2546 / W1 Low permeability B 31% 6.7 4350 6.0
Sample @ 0.7m Soft-Firm with some rock fragments
0.8
Horizon
Site 1               Pinjarra Hills
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Borehole Log :
 Date :  16/08/1999 Drill Tool    :  100mm Hand Auger
 Location :  Bottom side of house Soil Type    :  K
 Geology :  Neranleigh-Fernvale Soil Profile :  Yellow Podsolic
 Well Number :  2 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown, sandy loam
PH / MO / 2546 / W2 Wet, highly permeable
Sample @ 0.4m A 29% 7.2 1550 4.3
Water seeping at 400 -
0.5  500 mm
Wet yellow-brown clay       stiff
PH / MO / 2546 / W2 Very low permeablitiy with B 30% 7.0 1650 8.6
Sample @ 0.7m rock floaters and fragments
0.8
Horizon
Site 1                Pinjarra Hills
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Borehole Log :
 Date :  2/12/1999 Drill Tool    : 100mm Hand Auger
 Location :  Above distribution box Soil Type    :  K
 Geology :  Neranleigh-Fernvale Soil Profile :  Yellow Podzolic
 Well Number :  Control System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm %
Brown silty loam with some 
PH / MO / 2546 / CS rock fragments A 17% 5.6 200 7.4 1
0.1 0-0.1 Dry
Brown silty loam with minor
PH / MO / 2546 / CS rock fragments A 18% 6.0 150 <1 1
0.3 0.2-0.3 Dry
Brown clayey silt
PH / MO / 2546 / CS Loamy texture A 24%
0.4 0.3-0.4 Moist
Brown silty clay with some 
PH / MO / 2546 / CS rock fragments B 30% 6.7 120 6.4 3
0.6 0.5-0.6 Loamy texture     Moist  (OMC)
Yellow brown silty clay
PH / MO / 2546 / CS Loamy texture B 26%
0.7 0.6-.07 Moist
Yellow brown silty clay
PH / MO / 2546 / CS Loamy texture     C 25% 7.2 90 <1 4
0.9 0.8-0.9 Residual soil         Moist
Yellow brown silty clay
PH / MO / 2546 / CS Loamy texture C 21% 7.3 100 <1 5
1.1 1.0-1.1
Yellow brown silty clay
PH / MO / 2546 / CS Loamy texture     C 15% 7.4 60 <1 5
1.2 1.1-1.2 Residual soil with rock frag.
PH / MO / 2546 / CS Jointed Rock with clay infill
1.32 1.2-1.32  TUBE ksat = 1730 mm/day
Horizon
Site 1                Pinjarra Hills
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Borehole Log :
 Date :  8/7/1999 Drill Tool    : 100mm Hand Auger
 Location : Soil Type    :  Je
 Geology :  College's Conglomerate Soil Profile :  Yellow Podzolic
 Well Number :  1 System       :  Biocycle
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
Grey loam with clay
BE / RI / 77 / W1 Smelt organic ? 38% Saturated
0.2 Fill?? High permeability
0.3
Brown Sandy clay
BE / RI / 77 / W1 Possible fill ? 20% Wet
0.4 Low-mod permeability
0.5
Grey fine sand
BE / RI / 77 / W1 ? 9% Moist 
0.6 High permeabilty
0.7
Grey brown gravelly clay
BE / RI / 77 / W1 Numerous rock fragments C 9% Quite dry
0.8 Low-mod permeabilty
0.9
Horizon
Site 3                Bellbowrie
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Borehole Log :
 Date :  8/7/1999 Drill Tool    : 100mm Hand Auger
 Location : Below House near garden Soil Type    :  Je
 Geology :  College's Conglomerate Soil Profile :  Yellow Podzolic
 Well Number :  2 System       :  Biocycle
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
Brown clayey loam
Possible fill Saturated
BE / RI / 77 / W2 Wetter section towards base ? 19% Low-mod permeability
0.3
0.45
Fine - medium grey gravelly sand
BE / RI / 77 / W2 ? 17% Saturated
0.5 High Permeability
0.6
Grey brown gravelly clay
Numerous rock fragments Moist to wet
BE / RI / 77 / W2 (schist) C 10%
0.8
0.8
Horizon
Site 3                Bellbowrie
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Borehole Log :
 Date :  19/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below Garden Soil Type    :  Je
 Geology :  Sandstone Soil Profile :  Red yellow Podzolic
 Well Number :  1 System       :  Envirotech
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown sandy loam
BE / BI / 9 / W1 Very permeable A1 28% 6.4 256 3.3
0.2 0.1 Wet
Fine-medium sand
Minor gravel
BE / BI / 9 / W1 High Permeability A2 12% 6.3 117 5.9
0.4 Saturated
0.45
Yellow brown sandy clay (light)
Low-moderate permeability
BE / BI / 9 / W1 Wet B 19% 5.6 245 15.0
0.7
0.8
Residual soil
BE / BI / 9 / W0 Weathered sandstone - red/brown
0.9 Moderate - high permeability C 12% 5.7 121 8.2
0.9 Moist
Horizon
Site 4                Bellbowrie
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Borehole Log :
 Date :  19/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below garden Soil Type    :  Je
 Geology :  Sandstone Soil Profile :  Red yellow Podzolic
 Well Number :  2 System       :  Envirotech
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown sandy loam
BE / BI / 9 / W2 Very permeable
0.2 Wet A1 16% 6.4 120 6.8
0.25
Fine-medium sand with minor
BE / BI / 9 / W2 gravel
0.4 High Permeability A2 15% 6.6 88 4.7
0.5 Very wet
Yellow brown sandy clay (light)
Low-moderate permeability
BE / BI / 9 / W2 B 20% 5.6 308 36.0
0.7 Wet
0.8
Clayey sand
BE / BI / 9 / W2 Residual soil - weathered sandstone
0.9 Moderate permeability C 17% 5.2 242 37.0
1.0 Wet
Horizon
Site 4                Bellbowrie
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Borehole Log :
 Date :  1/12/1999 Drill Tool    : 100mm Hand Auger
 Location :  Adjacent to house Soil Type    :  Je
 Geology :  Sandstone Soil Profile :  Red yellow podzolic
 Well Number :  Control System       :  Envirotech
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm %
BE / BI / 9 / CS Brown Loam A1 7% 5.3 120 7.3
0.1 0-0.1 m
BE / BI / 9 / CS Brown yellow sandy loam A1 5% 5.3 60 <1
0.3 0.2-0.3 m
Yellow brown clayey sand
BE / BI / 9 / CS Light texture A2 12%
0.3-0.5 m
0.5
BE / BI / 9 / CS Yellow brown sandy clay B1 17% 5.0 90 25.9 18
0.6 0.5-0.6 m Medium texture ksat = 26 mm/day
Yellow brown clayey sand
BE / BI / 9 / CS Light texture B2 12%
0.6-0.8 m
0.8
BE / BI / 9 / CS Yellow brown clayey sand B2 12% 5.3 80 58.5 20
0.9 0.8-0.9 m Light texture
BE / BI / 9 / CS Yellow brown clayey sand B2 15% 5.3 90 88.8 20
1.1 1.0-1.1 m Light texture with some rock frag.
BE / BI / 9 / CS Yellow brown clayey sand C Impermeable rock layer
1.2 TUBE 1.1-1.2 m Light texture with some rock frag. ksat = 33 mm/day
Horizon
Site 4                Bellbowrie
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Borehole Log :
 Date :  7/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below house Soil Type    :  Je
 Geology : Sandstone Soil Profile :  Red/Yellow Podzolic
 Well Number : 1 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
BE / BI / 82 / W1 Brown sandy loam
0.3 Very permeable A 16% Wet
0.45
BE / BI / 82 / W1 Red brown sandy clay
0.6 Moderate permeability B 19% Moist to wet
0.7
BE / BI / 82 / W1 Grey sandy clay
0.9 High plasticity with minor gravel B 23% Moist
1.0 Very low permeability
Horizon
Site 5                Bellbowrie
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Borehole Log :
 Date :  7/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below House Soil Type    :  Je
 Geology : Sandstone Soil Profile :  Red/Yellow Podzolic
 Well Number :  2 System       :  Septic
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
BE / BI / 82 / W2 Brown sandy loam with minor A 16% Moist to wet
0.3 0.2 gravel             Very permeable
BE / BI / 82 / W2 Red brown sandy clay
0.5 Minor river gravel B 22% Moist
0.6 Moderate permeability
BE / BI / 82 / W2 Red grey sandy clay
0.8 High plasticity B 20% Moist
0.9 Very low permeability
Horizon
Site 5                Bellbowrie
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Borehole Log :
 Date :  6/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below house Soil Type    :  Je
 Geology :  Basalt Soil Profile :  Gravelly Yellow Podzolic
 Well Number :  1-Black System       :  Septic tank - Black water
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown loam with some rock
AN / JA / 55 / W1-B fragments A 22%
0.2 Permeable
0.3 Dry
Yellow brown gravelly silt
Numerous rock fragments
AN / JA / 55 / W1-B Medium permeability B 18%
0.5 Moist
0.6
Yellow brown gravelly clay
AN / JA / 55 / W1-B Numerous rock fragments B 17%
0.7 Low permeability
0.8 Moist
Horizon
Site 8                Anstead
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Borehole Log :
 Date :  6/7/1999 Drill Tool    : 100mm Hand Auger
 Location : Below house Soil Type    :  Je
 Geology : Basalt Soil Profile :  Gravelly Yellow Podzolic
 Well Number : 2-Black System       :  Septic - Black
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown loam
AN / JA / 55 / W2-B Minor rock fragments
0.1 Permeable A 37%
0.2
Yellow brown sandy clay
AN / JA / 55 / W2-B Low permeability
0.3 Wet B 35%
0.4
Yellow gravelly clay
AN / JA / 55 / W2-B Numerous rock fragments
0.5 Low permeability
Moist B 23%
0.7
Horizon
Site 8                Anstead
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Borehole Log :
 Date :  2/12/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below House Soil Type    :  Je
 Geology :  Basalt Soil Profile :  Gravelly Yellow Podzolic
 Well Number :  Control System       :  Septic
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm %
Brown gravelly sand
AN / JA / 55 / CS Light textured A 10% 5.7 170 6.1
0.1 0-0.1 Dry
Brown gravelly silty sand 
AN / JA / 55 / CS Light textured A 11%
0.2 0.1-0.2 Dry
Brown silty sand
AN / JA / 55 / CS Light texture B 14% 5.9 120 <1
0.3 0.2-0.3 Dry
Brown gravelly silty sand
AN / JA / 55 / CS Light texture B 11%
0.5 0.4-0.5 Dry
Brown gravelly silty sand
AN / JA / 55 / CS Light texture B 12% 6.0 100 <1
0.6 0.5-0.6 Dry
Brown gravelly silty sand
AN / JA / 55 / CS Light texture B 9%
0.7 0.6-0.7 Dry
Brown gravelly silty sand
AN / JA / 55 / CS Light texture B 13% 6.9 110 <1
0.9 0.8-0.9 Dry
Brown silty sand
AN / JA / 55 / CS Light texture B 16% 7.7 220 8.1
1.0 0.9-1.0 Dry
Horizon
Site 8                Anstead
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Borehole Log :
 Date :  6/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below house Soil Type    :  Je
 Geology :  Basalt Soil Profile :  Gravelly Yellow Podzolic
 Well Number :  1 - Grey System       : Sullage -Greywater
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown loam
Moderate permeabilit
AN / JA / 55 / W1-G Moist A 27% 5.4 280 6.3
0.3 Very wet at base
0.5
Red brown clay
Low permeability
AN / JA / 55 / W1-G Moist B 32% 5.7 190 10.4
0.6
0.7
Yellow brown clay
AN / JA / 55 / W1-G Minor rock fragments B 31% 5.9 200 35.0
0.8 Low permeability
0.9
AN / JA / 55 / W1-G Yellow clay with some gravel B 29%
0.95 0.9 Low permeability
AN / JA / 55 / W1-G White sandy clay C 19% 6.2 260 57.5
1.0 1.0 Decomposed rock
Horizon
Site 8                Anstead
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Borehole Log :
 Date :  6/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below house Soil Type    :  Je
 Geology : Basalt Soil Profile :  Gravelly Yellow Podzolic
 Well Number :  2 - Grey System       :  Sullage  - greywater
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
AN / JA / 55 / W2-G Brown loam
0.1 Moderate permeability A 38% 5.5 370 10.8
0.15 Moist
Yellow brown gravelly clay
AN / JA / 55 / W2-G Some rock fragments B 30% 5.5 190 10.7
0.4 Low permeability
0.5 Moist
Yellow brown sandy clay
AN / JA / 55 / W2-G Minor rock fragments B 24% 6.0 120 24.1
0.7 Low permeability
0.9 Moist
White sandy clay
AN / JA / 55 / W2-G Decomposed rock C 31%
1.0 Low - mod permeabilty
1.05 Wet
AN / JA / 55 / W2-G Yellow sandy clay
1.1 Residual soil  L-M permeability C 20% 8.2 210 34.7
1.1 Dry
Horizon
Site 8                Anstead
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Borehole Log :
 Date :  02/08/1999 Drill Tool    :  100mm Hand Auger
 Location :  Front Yard Soil Type    :  Je
 Geology :  Witty Gravel Alluvium Soil Profile :  Red/Yellow Podzolic
 Well Number :  1 System       :  Septic Tank 
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µ s/cm
Brown loam
AN / ES / 24 / W1 Moderate permeability A 21% 6.2 1077 39
0.2 Saturated at base
0.3
Yellow-brown sandy clay
Very low permeability
AN / ES / 24 / W1 B1 23% 5.9 1620 610
0.5 Moist to wet
0.6
Red clay   Very stiff
Very low permeability
AN / ES / 24 / W1 B2 24% 6.2 953 810
0.9 Moist
1.0
Horizon
Site 9                Anstead
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Borehole Log :
 Date :  02/081999 Drill Tool    :  100mm Hand Auger
 Location :  Front yard Soil Type    :  Je
 Geology :  Witty Gravel - Alluvium Soil Profile :  Red-yellow Podzolic
 Well Number :  2 System       :  Septic Tank [black only]
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown loam
AN / ES / 24 / W0 Moderate Permeability A1 30% 6.2 1790 70
0.1 0.1 Moist
Brown sandy clay
Low Permeability
AN / ES / 24 / W2 A2 19% 6.3 2241 21
0.3 Wet - saturated
0.3
Yellow-brown clay
Very Stiff
AN / ES / 24 / W2 Very low permeability B1 24% 6.1 528 460
0.6 0.5 Saturated
Red-brown clay
Very stiff
AN / ES / 24 / W2 Very low permeability B2 23% 5.8 1330 470
0.75 0.7 Wet
Red mottled Clay
Very stiff
AN / ES / 24 / W2 Very low permeability B2 25% 5.8 1123 720
1.0 0.9 Moist
Horizon
Site 9                Anstead
 
 116 
 
Borehole Log :
 Date :  1/12/1999 Drill Tool    : 100mm Hand Auger
 Location :  Near carport Soil Type    :  Je
 Geology :  Witty Gravel Alluvium Soil Profile :  Red Podzolic
 Well Number :  Control System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm %
AN / ES / 24 / CS Brown Loam A1 9% 5.7 140 15.5 4
0.1 0-0.1 Light texture
Brown Loamy Clay
AN / ES / 24 / CS Light - Medium texture A2 10% 5.8 110 47.5 9
0.1-0.3
0.3
Red brown clay
AN / ES / 24 / CS Medium B1 18%
0.3-0.5
0.5
AN / ES / 24 / CS Red brown clay B1 16% 5.0 140 126.8 15
0.6 0.5-0.6 Medium texture
AN / ES / 24 / CS Red brown mottled clay B1 Impermeable clay layer
0.72 TUBE 0.6-0.72 Heavy    Moist ksat = 33 mm/day
AN / ES / 24 / CS Red brown mottled clay B1 20% 4.7 370 454.5 28
0.9 0.8-0.9 Heavy    Moist
AN / ES / 24 / CS Red brown mottled clay B1 23% 4.6 55 680.9 34
1.1 1.0-1.1 Heavy    Moist
Horizon
Site 9                Anstead
 117 
 
Borehole Log 
 Date :  02/08/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below Pool Soil Type    :  MCK
 Geology :  Alluvium Soil Profile :  Gleyed Podzolic
 Well Number :  1 System       :  Septic Tank
Depth         Sample Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown loam 
AN / Mt / 458 / W1 Highly permeable A 27% 6.4 1160 17
0.3 0.3 Very wet
Yellow brown clay
AN / Mt / 458 / W1 Very stiff B 26% 6.1 1360 400
0.7 Very low permability
0.75 Saturated
Horizon
Site 10           Anstead
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Borehole Log 
 Date :  02/08/1999 Drill Tool    : 100mm Hand Auger
 Location : Below Pool Soil Type    :  MCK
 Geology :  Alluvuium Soil Profile :  Gleyed Podzolic
 Well Number :  2 System       :  Septic Tank
Depth         Sample Soil Decription Moistur pH Conductivity Chlorides Comments
(m) Profile µs/cm
Brown loam topsoil
AN / Mt / 458 / W1 High permeability A 23% 6.2 1441 15
0.3 0.3 Very wet
Yellow brown sandy clay with
AN / Mt / 458 / W1 minor gravel B1 22% 6.4 1143 380
0.6 0.6 Low Permeability   Wet
Red brown clay - stiff
AN / Mt / 458 / W1 Very low permeability B2 23% 5.8 1370 450
0.8 0.8 Wet
Horizon
Site 10             Anstead
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Borehole Log :
 Date :  2/12/1999 Drill Tool    : 100mm Hand Auger
 Location :  Beside house Soil Type    :  MCK
 Geology : Alluvium Soil Profile :  Gleyed Podzolic
 Well Number :  Control System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm %
AN / MT / 458 / CS Dark grey clayey loam A 27% 6.7 70 30
0.1 0-0.1 Moist
AN / MT / 458 / CS Brown silty clay B 33%
0.3 0.2-0.3 Medium         Wet
Brown silty clay
AN / MT / 458 / CS Heay texture B 35% 5.4 60 37
0.3-0.5
0.5
AN / MT / 458 / CS Brown silty clay B 35% 5.2 290 75
0.6 0.5-0.6 Heavy with some mottling
AN / MT / 458 / CS Brown silty clay B 35% 5.2 220 94
0.8 0.7-0.8 Heavy texture
Brown silty clay B
AN / MT / 458 / CS Heavy texture Impermeable clay layer
1.1 TUBE 0.9-1.1 ksat = 37 mm/day
AN / MT / 458 / CS Brown sandy clay B3 32% 5.5 140 117
1.2 1.1-1.2 Light texture
Horizon
Site 10                Anstead
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Borehole Log :
 Date :  16/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Between benches Soil Type    :  Br
 Geology :  Neranliegh - Fernvale Soil Profile :  Prairie Soil
 Well Number :  1 System       :  Biocycle
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
BR / CO / 24 / W1 Clayey sandy Loam A
0.15 0.1 Moderate permeability    Wet 50% 6.8 495 7.8
Red brown sandy clay (light clay)
Low to moderate permeability
BR / CO / 24 / W1 Numerous rock floaters B 35% 6.8 408 3.4
0.4
0.6
Yellow brown sandy clay
BR / CO / 24 / W0 Very low permeability B 44% 6.5 223 3.7
0.6
0.7
Yellow gravelly clay (heavy clay)
BR / CO / 24 / W0 Low to moderate permeability B 29% 6.8 143 2.8
0.8 Numerous rock fragments
0.8 Moisture decreases with depth
Horizon
Site 12               Brookfield
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Borehole Log :
 Date :  16/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Between Benches Soil Type    :  Br
 Geology :  Neranliegh - Fernvale Soil Profile :  Prairie Soil
 Well Number :  2 System       :  Biocycle
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Red brown clayey sand
BR / CO / 24 / W1 Low - moderate permeability A 30% 6.6 381 3.5
0.45 0.3 Numerous rock pieces  V. Wet
Yellow gravelly clay
Low - moderate permeability
BR / CO / 24 / W2 Moisture decreasing with depth B 22% 6.2 108 1.5
0.9 Numerous rock fragments
Layer of wet Red/brown
0.9 clay (0.45-0.60)
Horizon
Site 12              Brookfield
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Borehole Log :
 Date :  8/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Side Hill Soil Type    :  Br
 Geology :  Neranleigh-Fernvale Soil Profile :  Prairie Soil
 Well Number :  1 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown clayey sandy loam
BR / Mc / 65 / W1 High permeabiltiy A 29% 6.5 325 3.3
0.35 0.3 Wet
Yellow brown sandy clay
BR / Mc / 65 / W1 Low to moderate permeability B 24% 6.8 212 1.5
0.7 0.6 Moist
Red brown clay
BR / Mc / 65 / W1 Very low permeability B 34% 6.7 136 1.2
0.95 0.9 Wet
BR / Mc / 65 / W1 Yellow clay - weathered rock C 29% 6.5 97 2.2
1.0 1.0 Low permeability     
Horizon
Site 13              Brookfield
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Borehole Log :
 Date :  8/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Side of Hill Soil Type    :  Br
 Geology :  Neranleigh-Fernvale Soil Profile :  Prairie Soil
 Well Number : 2 System       :  Septic tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown loam with numerous 
BR / Mc / 65 / W2 roots A 28% 6.8 278 2.1
0.2 High permeability
0.25 Wet 
Wet sandy clay
With rock fragments
BR / Mc / 65 / W2 Low permeability B 33% 7.1 198 1.9
0.5 Wet
0.6
Brown clayey gravel
BR / Mc / 65 / W2 Looks like road base C G 13% 7.3 124 1.3
0.7 Low - moderate permeability
0.8
Horizon
Site 13                Brookfield
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Borehole Log :
 Date :  2/12/1999 Drill Tool    : 100mm Hand Auger
 Location :  Side of Hill Soil Type    :  Br
 Geology :  Neranleigh-Fernvale Soil Profile :  Prairie Soil
 Well Number :  Control System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm %
BR / MC / 65 / CS Brown silty sand A 19% 5.4 300 13.3 2
0.1 0-0.1 Light texture             Dry
BR / MC / 65 / CS Red brown silty sand A 21% 5.8 220 10.9 2
0.3 0.2-0.3 Light texture             Moist
BR / MC / 65 / CS Red brown sandy clay B 24%
0.5 0.4-0.5 Medium texture       Moist
BR / MC / 65 / CS Mottled red brown sandy clay B 29% 5.4 110 6.9 4
0.6 0.5-0.6 Light - Medium texture   Moist
BR / MC / 65 / CS Yellow brown silty clay B 19% Clay band about 75mm @
0.8 0.7-0.8 Light - Medium texture 700
BR / MC / 65 / CS Yellow brown silty clay B 20% 5.5 70 12.0 11
0.9 0.8-0.9 Light - Medium texture
Yellow brown clayey silt  
BR / MC / 65 / CS Light texture B 20% 6.0 80 7.0 11
0.9-1.1
1.1
BR / MC / 65 / CS Yellow brown clayey silt B
1.2 TUBE1.1-1.2 Light Texture ksat = 439 mm/day
Horizon
Site 13                Brookfield
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Borehole Log :
 Date :  12/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below house Soil Type    :  En
 Geology :  Enoggra Granite Soil Profile :  Lithosol
 Well Number :  1 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
Brown sandy loam
High permeability
TH / MO / 127 / W1 A 20% Moist to wet
0.3
0.45
Brown sand
TH / MO / 127 / W1 High Permeability A 21% Saturated
0.5
0.55
TH / MO / 127 / W1 Yellow brown sand A 20% Saturated
0.65 0.6 High permeability
Yellow brown sandy clay
Decomposed granite
TH / MO / 127 / W1 Numerous rock fragments B 17%
0.9 Low permeability
1.0
Horizon
Site 14                The Gap
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Borehole Log :
 Date :  12/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below house Soil Type    :  En
 Geology :  Enoggra Granite Soil Profile :  Lithosol
 Well Number :  2 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
Brown sandy loam
TH / MO / 127 / W2 High Permeability A 20% Moist
0.2
0.3
Brown sand
TH / MO / 127 / W2 High permeability A 17% Wet
0.4
0.4
TH / MO / 127 / W2 Yellow brown sand A 16% Wet - saturated in parts
0.5 0.5 High permeability
Yellow brown sandy clay
TH / MO / 127 / W2 Decomposed grantite B 20%
0.7 Moderate permeability
0.7
Yellow brown sandy clay
TH / MO / 127 / W2 Low permeability B 12% Dryer towards base
0.9
1.0
Horizon
Site 14                The Gap
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Borehole Log 
 Date :  16/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Near spray points Soil Type    :  En
 Geology :  Enoggra Granite Soil Profile :  Lithosol
 Well Number :  1 System       :  Dowmus
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown loam
TH / LO / 40 / W1 Very permeable A 16% 5.3 156 19.0
0.4 Minor organic matter
0.6 Wet
Brown fine-medium gravelly sand
TH / LO / 40 / W1 Very permeable B 17% 5.6 59 4.6
0.85 0.7 Wet
TH / LO / 40 / W1 Brown decomposed granite C
1.15 0.9 Low permeability          Saturated 21% 5.4 71 4.1
TH / LO / 40 / W1 Yellow brown decomposed granite C
1.2 1.1 Low-moderate permeability      Wet 16% 5.6 70 5.2
Horizon
Site 15                The Gap
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Borehole Log :
 Date :  16/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Near Spray points Soil Type    :  En
 Geology :  Enoggra Granite Soil Profile :  Lithosol
 Well Number :  2 System       :  Dowmus
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile ms/cm
Brown loam
TH / LO / 40 / W1 Very permeable A 23% 5.8 175 3.3
0.4 0.3 Wet
TH / LO / 40 / W1 Brown loam B 28% 5.8 131 3.8
0.6 0.5 Very permeable            Saturated
TH / LO / 40 / W1 Yellow brown sandy clay (light) B 27% 5.3 128 4.2
0.75 0.7 Low permeability
TH / LO / 40 / W1 Yellow-brown decomposed granite C 20% 5.6 82 7.0
1.0 0.9 Low-moderate permeability
Horizon
Site 15                The Gap
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Borehole Log :
 Date :  9/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Near Wetland Soil Type    :  Sa
 Geology :  Samford Grandiorite Soil Profile :  Podsolic
 Well Number :  1 System       :  Biocycle
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
Grey loam
KE / SE / 460 / W1 High permeability Very wet at top
0.5 A 28%
Possible fill
0.9
Grey sand
KE / SE / 460 / W1 Very high permeability
1.0 A 23% Saturated
Water seeping through
1.2
KE / SE / 460 / W1 Yellow brown stiff sandy clay
1.3 Decomposed granite B 24%
1.5 Low permeability
Horizon
Site 17                Kepperra
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Borehole Log :
 Date :  9/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Near Wetland Soil Type    :  Sa
 Geology :  Samford Granodiorite Soil Profile :  Podsolic
 Well Number :  2 System       :  Biocycle
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
Grey loam
KE / SE / 460 / W2 High permeabiltiy A 24% Very wet
0.4
0.5 Possible fill
KE / SE / 460 / W2 Grey sand
0.7 Very high permeability A 18% Saturated
0.85 Water seeping through
KE / SE / 460 / W2 Yellow brown stiff sandy clay B 31%
1.0 0.9 Decomposed granite - L Perm.
Horizon
Site 17                 Kepperra
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Borehole Log :
 Date :  05/081999 Drill Tool    : 100mm Hand Auger
 Location :  Side of Hill Soil Type    :  MCo
 Geology :  Bunya Phyllite Soil Profile :  Gravelly Lithosol
 Well Number :  1 System       :   Septic
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown loam with some clay
Very permeable
UP / TR / 49 / W1 Wet A 20% 6.8 2041 4.1
0.25 0.2
UP / TR / 49 / W1 Brown clayey sand
0.3 Moderate permeability B1 23% 6.4 1221 4.8
0.4 Saturated - water seeping in
Mottled gravely clay (grey/red/brown)
Stiff - heavy texture
UP / TR / 49 / W1 Low permeability B2 26% 6.2 5000 8.3
0.6 Wet
0.65
Mottled gravelly clay - schist floaters
UP / TR / 49 / W1 Stiff C 23% 6.9 5140 12
0.8 Low permeability
0.85 Dry towards base
Horizon
Site 18               Upper Kedron
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Borehole Log 
 Date :  05/081999 Drill Tool    : 100mm Hand Auger
 Location :  Side of Hill Soil Type    :  MCo
 Geology :  Bunya Phyllite Soil Profile :   Gravelly Lithosol
 Well Number :  2 System       :  Septic Tank
Depth         Sample Soil Decription Moistur pH Conductivity Cl Comments
(m) Profile µs/cm
UP / TR / 49 / W1 Brown loam with some gravel
0.1 Highly permeable A 15% 7.1 751 4.1
0.25 Moist - Saturated towards base
Mottled gravelly clay
UP / TR / 49 / W1 Moderate permeability B1 19% 6.8 1104 4.2
0.3 Saturated - water seeping at base
0.4
Mottled gravelly clay
Low permeability
UP / TR / 49 / W2 Schist band (hard) with low B2 15% 6.6 1698 4.2
0.7 permeability at base (0.4-0.45m)
Wet in patches
Dry towards bottom (hard digging)
0.8
Horizon
Site 18                Upper Kedron
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Borehole Log :
 Date :  2/12/1999 Drill Tool    : 100mm Hand Auger
 Location :  Beside Cutting Soil Type    :  Mco
 Geology :  Bunya Phylite Soil Profile :  Gravelly Lithosol
 Well Number :  Control System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
Brown gravelly loam
UP / TR / 49 / CS Light texture A 7% 5.0 150 30.7
0.1 0-0.1
Brown gravelly loam
UP / TR / 49 / CS Light texture A 6% 5.0 70 12.6
0.3 0.2-0.3
Red brown gravelly silty sand
UP / TR / 49 / CS Light texture B 6%
0.5 0.4-0.5
Brown gravelly silty sand
UP / TR / 49 / CS Light textured B 14% 4.8 70 13.7
0.6 0.5-0.6
Grey brown gravelly clay
UP / TR / 49 / CS Medium texture with shaley B 19% 4.8 90 35.7
0.8 0.7-0.8 fragments
Grey brown gravelly clay
UP / TR / 49 / CS Medium texture with numerous C 7% 4.9 50 12.4
0.9 0.8-0.9 Schist fragments
End of hole due to difficulty in digging
Horizon
Site 18                Upper Kedron
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Borehole Log :
 Date :  12/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Garden Bed Soil Type    :  ?
 Geology :  Alluvial Soil Profile :  Podsolic
 Well Number :  1 System       :  Dowmus
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
0.1 Brown loam  Some garden soil
BU / PH / 3 / W1 Grey fine sand
0.4 Very permeable A 11% Moist
0.6
BU / PH / 3 / W1 Fine sand
0.7 Very permeable A 12% Saturated
0.8
BU / PH / 3 / W1 Yellow brown sandy clay B 17% Saturated
1.1 0.9 Low - moderate permeability
Yellow brown mottled sandy clay
BU / PH / 3 / W1 Low permeabilty B 18% Wet
1.3
1.5
Horizon
Site 19                Burpengary
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Borehole Log :
 Date :  12/7/1999 Drill Tool    : 100mm Hand Auger
 Location :  Garden Bed Soil Type    :  ?
 Geology :  Alluvial Soil Profile :  Posolic
 Well Number : 2 System       :  Dowmus
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm
BU / PH / 3 / W2 Brown loam - garden soil A 18% Moist
0.3 0.2 Very permeable
BU / PH / 3 / W2 Grey fine sand
0.5 Very permeable A 14% Moist
0.6
BU / PH / 3 / W2 Fine sand A 12% Saturated
0.8 0.7 Very permeable
0.85 Yellow brown sandy clay B Saturated
Red yellow brown mottled sandy
BU / PH / 3 / W2 clay B 25% Wet
1.2 Dryer with depth
1.4
Horizon
Site 19                Burpengary
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Borehole Log :
 Date :  16/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Top of ridge Soil Type    :  As
 Geology :  Petrie Formation Sandstone Soil Profile :  Red Earth
 Well Number :  1 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown sandy loam
BD / BR / 380 / W1 Highly permeable A1 19% 5.9 160 <1
0.2 Very moist
0.3
Reddish bown sandy clay loam
BD / BR / 380 / W1 Good permeability A2 17% 6 112 <1
0.4 Very moist
0.5
Reddish brown gravelly sandy 
BD / BR / 380 / W1 clay loam B1 17% 5.9 93 <1
0.6 Highly permeable
0.7 Saturated
Red sandy clay (medium texture)
BD / BR / 380 / W1 Low permeability B2 34% 5.5 103 1.3
0.8 Saturated
1.2
Horizon
Site 20                Bridgeman Downs
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Borehole Log :
 Date :  16/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Top of ridge Soil Type    :  As
 Geology :  Petrie Formation Sandstone Soil Profile :  Red Earth
 Well Number :  2 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Brown sandy loam
Highly permeable
BD / BR / 380 / W2 Very moist A1 19% 5.9 170 1.1
0.3
0.4
Brown gravelly sandy loam
BD / BR / 380 / W1 Highly permeable A1 14% 6.0 57 1.2
0.5 Saturated
0.6
BD / BR / 380 / W1 Reddish brown gravelly sandy loam B1 15% 5.4 42 1.3
0.7 0.6 Highly permeable
Red sandy clay
BD / BR / 380 / W2 Low permeability B2 28% 4.7 63 1.8
0.8 Very moist
0.8
Red/white mottled sandy clay
Low permeabilty
BD / BR / 380 / W2 Moist B3 28% 4.4 63 2.3
1.2
1.2
Horizon
Site 20                Bridgeman Downs
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Borehole Log 
 Date :  16/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below house Soil Type    :  As
 Geology :  Petrie Formation Sandstone Soil Profile :  Red earth
 Well Number :  1 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Red sandy gravelly clay
BD / BR / 93 / W1 Moderate permeability A1 26% 6.0 129 17.0
0.2 Very moist
0.25
Brown sandy loam with clay fines
BD / BR / 93 / W1 High permeability A12 42% 6.0 261 25.0
0.4 Moist
0.45
Reddish brown sandy clay
BD / BR / 93 / W1 Low to moderate permeability B2 42% 5.4 205 46.0
0.7 Very Moist
0.9
Greyish red mottled sandy clay
Low to moderate permeability
BD / BR / 93 / W1 Saturated B3 47% 4.6 213 61.0
1.0
1.2
Horizon
Site 21                Bridgeman Downs
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Borehole Log :
 Date :  16/09/1999 Drill Tool    : 100mm Hand Auger
 Location :  Below house Soil Type    :  As
 Geology :  Petrie Formation Sandstone Soil Profile :  Red Earth
 Well Number :  2 System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl Comments
(m) Profile µs/cm
Red sandy gravelly clay
BD / BR / 93 / W2 Moderate Permeability A1 22% 5.7 120 18
0.2 Very moist
0.3
Brown sandy loam with clay fines
BD / BR / 93 / W2 High permeability A2 35% 5.8 214 16
0.4 Moist
0.5
Reddish brown sandy clay
Low to moderate permeability
BD / BR / 93 / W2 Very moist B1 37% 5.5 169 31
0.7
0.9
Greyish red mottled sandy clay
Low to moderate permeability
BD / BR / 93 / W2 Saturated B2 45% 5.5 200 53
1.0
1.2
Horizon
Site 21                Bridgeman Downs
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Borehole Log :
 Date :  2/12/1999 Drill Tool    : 100mm Hand Auger
 Location :  Beside house Soil Type    :  As
 Geology :  Petrie Formation Sandstone Soil Profile :  Red earth
 Well Number :  Control System       :  Septic Tank
Depth         Sample Number Soil Decription Moisture pH Conductivity Cl ESP Comments
(m) Profile µs/cm %
BD / BR / 93 / CS Red brown silty sand A 17% 4.6 200 8.9 3
0.1 0-0.1 Light texture
BD / BR / 93 / CS Red brown silty sand A 25%
0.2 0.1-0.2 Light texture
Red clayey silt
BD / BR / 93 / CS Loamy texture B1 33% 4.6 140 18.0 5
0.2-0.4
0.4
BD / BR / 93 / CS Red clayey silt B1 35%
0.5 0.4-0.5 Light texture
BD / BR / 93 / CS Red clayey silt B1 35% 4.3 100 45.6 6
0.6 0.5-0.6 Medium texture
BD / BR / 93 / CS Red clay with some mottling B2 Sample selected for Laboratory Hydraulic Conductivity Test
0.7 TUBE 0.6-0.7 Medium texture ksat = 15 mm/day
Mottled grey red clay
BD / BR / 93 / CS Blocky structure B2 38% 4.0 100 49.1 6
0.8-1.0 Medium texture
1.0
BD / BR / 93 / CS Mottled grey red clay 39% 4.0 90 46.9 7
1.1 1.0-1.1 Blocky structure    Medium texture B2
BD / BR / 93 / CS Grey red mottled clay Sample selected for Laboratory Hydraulic Conductivity Test
1.3 TUBE 1.2-1.3 Blocky structure    Medium texture B2 ksat = 20 mm/day
Horizon
Site 21                Bridgemean Downs
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APPENDIX E 
 
TABLUATED RESULTS FROM THE EFFLUENT SAMPLING 
PROGRAM 
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NOTES: 
1. Under ‘sample code’, the first digit refers to the site no. and the second letters refer 
to the piezometer locations.  
• A refers to the location 1 m away from the effluent disposal area and B refers to 
the location 3 m away. 
• T refers to the sample taken from the distribution box. 
2. In the case of Site 4, AF refers to the sample taken from the aerobic filter. 
3. In the case of Site 8, A and B are for the blackwater disposal area and C and D are 
for the greywater disposal area. 
4. ‘ns’ refers to not significant. 
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Sample Code Date Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
 
Coliforms 
(Count)
1A 19/07/1999 Pod 2 32 420 340
1B " Pod 2.6 17 420 9
2A " Pod ns
2B " Pod 4.8 59 550 700
3A " Pod Relocated ns
3B " Pod Relocated ns
4A " Pod 31 30 1350 <1
4B " Pod 4.9 42 1180 <1
5A " Pod 60 16 900 1
5B " Pod Sample bumped - - - <1
6A " Rearth Abandon ns - - -
6B " Rearth Abandon ns - - -
7A " GPod Abandon ns - - -
7B " GPod Abandon ns - - -
8A " Pod Relocated ns - - -
8B " Pod Relocated ns - - -
8C " Pod Relocated ns - - -
8D " Pod Relocated ns - - -
EFFLUENT SAMPLES   19/22 JULY 1999
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Sample Code Date Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
 
Coliforms 
(Count)
9A " Pod 62 27 3230 2800
9B " Pod 63 22 2270 3000
10A " GPod 2.5 31 1090 >6000
10B " GPod 1.5 25 660 580
11A " Rearth Abandon ns - - -
11B " Rearth Abandon ns - - -
12A " Prairie 12 31 340 1800
12B " Prairie 46 9.4 520 61
13A " Prairie  2.2 17 150 12
13B " Prairie  ns - - -
14A " Lith 17 18 520 2
14B " Lith ns - - -
15A " Lith 1.5 28 420 2200
15B " Lith 21 58 760 >6000
16A 22/07/1999 Pod Abandon ns - - -
16B " Pod Abandon ns - - -
17A " Pod 7.1 552 5.4 52 480 3
17B " Pod 7.1 965 8.3 94 850 <1
18A " Lith 7.3 562 2.6 37 720 >6000
18B " Lith 7.6 374 2.3 28 390 >6000
19A " Pod 5.9 435 1.2 9 560 <1
19B " Pod 5.6 1008 12.6 11 960 <1
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Sample 
Code
Date 
Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
Faecal 
Coliforms 
Chloride 
mg/L
1A 9/08/1999 Pod 6.9 1420 1.7 30 340 120 41
1B " Pod 6.9 1270 4.6 23 410 30 51
IT " Pod 8.1 4220 71 87 760 >6000
3A " Pod 6.8 1560 2.9 27 350 10 56
3B " Pod ns ns ns ns ns ns
4A " Pod 7.2 2730 24 33 1170 <10 340
4B " Pod 7.5 2230 3.8 44 1020 <10 230
4T " Pod 5.9 1750 43 16 560 >6000
4AF " Pod 7.2 1930 27 - - -
5A " Pod 5.1 1950 54 11 820 <10 240
5B " Pod 6.2 1450 4.5 13 450 <1 220
5T " Pod ns ns ns ns ns <1
8A " Pod ns ns ns ns ns ns
8B " Pod 6.2 980 8.3 46 310 <10 33
8C " Pod 6.7 1160 1.7 9.6 230 4 45
8D " Pod 6.8 890 2.3 15 240 10 43
8T " Pod 6.7 3610 240 93 690 >6000
8CF " Pod 8.3 350 1.8 - - -
EFFLUENT SAMPLES    9/11 AUGUST 1999
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Sample 
Code
Date 
Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
Faecal 
Coliforms 
Chloride 
mg/L
9A " Pod 6.6 10060 43 28 4280 1100 2300
9B " Pod 6.7 8150 14 19 3200 4900 1700
9T " Pod 8.1 3360 170 110 580 >6000
10A " GPod 7.3 2900 7 18 1300 30 390
10B " GPod 6.9 2390 2.3 24 1040 70 500
10T " GPod 7.5 2170 75 50 380 3000
10AF " GPod 7.5 1930 1.4 - - -
12A " Prairie 7.3 1160 10 30 380 500 70
12B " Prairie 7.2 1360 36 15 450 260 59
13A " Prairie 6.1 770 5.7 30 190 20 7.9
13B " Prairie 6.9 1330 4.7 35 260 4100 15
13T " Prairie 8.6 1480 6.3 19 400 <1
14A 11-Aug Lith 7 470 4.4 26 580 <100 49
14B " Lith 6.6 370 4.3 45 2540 300 47
15A " Lith 6.5 840 20 47 500 900 71
15B " Lith 7.2 910 23 54 460 >6000 70
15T " Lith 6.4 980 71 14 810 40 nd
17A " Pod 7.1 600 3.3 34 390 <10 53
17B " Pod 7.1 1400 7.2 74 830 <10 89
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Sample 
Code
Date 
Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
Faecal 
Coliforms 
Chloride 
mg/L
18A " Lith 7.4 670 2.5 26 440 >6000 46
18B " Lith 7 490 2 20 520 >6000 36
18T " Lith 8.3 2070 170 86 550 >6000 NR
19A " Pod 6.4 820 0.99 12 470 <10 190
19B " Pod 6.4 1680 8.9 7 900 <10 410
19T " Pod 6 1070 44 14 690 5500 nd
20A " Rearth 5.8 1030 27 7 320 10 36
20B " Rearth 5.8 1300 29 5 340 <10 41
20T " Rearth 7.7 1780 49 78 320 >6000 NR
21A " Rearth 7.2 2070 46 46 870 5600 400
21B " Rearth 5.8 1260 6 5 620 <10 330
21T " Rearth 7.4 3400 150 100 1240 >6000 nd
21AB " Rearth 7.7 3440 66 130 1000 >6000 380  
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Sample 
Code
Date 
Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
Faecal 
Coliforms 
Chloride 
mg/L
3A 30/08/1999 Pod 6.75 1300 3.4 41 460 1 54
3B " Pod 6.47 1300 7.6 34 500 10 44
12A " Prairie 6.6 1310 15 44 420 11000 74
12B " Prairie 6.5 1095 15 21 310 >6000 55
17A " Pod 6.4 1100 4 40 400 3 49
17B " Pod 6.5 1500 7.9 65 690 2 66
15A " Lith 5.6 690 15 50 510 20 66
15B " Lith 6.7 1284 29 80 410 >60000 54
15T " Lith 6.2 1206 73 60 760 >6000  
19A " Pod 5.7 881 10 16 420 540 170
19B " Pod 5.6 1448 3.3 9.6 660 1 320
19T " Pod 6.1 1014 28 21 510 >6000  
4A " Pod 7.19 1980 3.8 55 1240 3 330
4B " Pod 7.1 2779 28 34 1400 12 440
4T " Pod 5.83 1350 38 18 650 60  
10A " GPod 6.85 2750 2.3 25 1260 1100 420
10B " GPod 6.18 2050 3.1 31 940 >60000 290
10T " GPod 6.25 870 34 110 410 37000  
EFFLUENT SAMPLES    30 AUGUST/2 SEPTEMBER
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Sample 
Code
Date 
Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
Faecal 
Coliforms 
Chloride 
mg/L
1A " Pod 6.6 1185 3.7 40 460 800 37
1B " Pod 6.88 1070 4.8 23 470 40 54
IT " Pod 7.83 2350 190 72 600 14000  
9A " Pod 5.65 6370 60 29 3000 200 1600
9B " Pod 6.2 4750 34 22 1830 190 970
9T " Pod 7.98 3000 280 180 820 >60000  
20A " Rearth 5.23 751 34 7 430 14 56
20B " Rearth 5.7 881 25 5 260 <1 36
20T " Rearth 7.14 1128 53 83 330 >60000  
21A " Rearth 5.9 1640 14 7 800 <1 340
21B " Rearth 5 1404 3.9 7 670 <1 330
21T " Rearth 6.92 3410 200 110 1270 >60000  
14A 2-Sep Lith 6.1 1090 21 25 500 10 38
14B " Lith 5.6 780 7.9 50 2300 <10 29
18A " Lith 6.8 1175 6.5 30 590 >60000 40
18B " Lith 6.5 1070 5.2 29 690 450 30
18T " Lith 7.2 3010 320 180 720 >60000  
13A " Prairie 5.7 830 1.7 25 190 390 8.5
13B " Prairie ns ns ns ns ns ns ns
13T " Prairie 6.9 1140 28 84 460 40
8A " Pod 5.75 1160 24 36 410 7000 31
8B " Pod 5.79 700 7.9 99 1220 >60000 25  
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Sample 
Code
Date 
Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
Faecal 
Coliforms 
Chloride 
mg/L
8T " Pod 7.94 3490 300 170 280 >60000  
8C " Pod 6.3 1050 1.7 17 290 1800 45
8D " Pod 6.18 975 1.3 15 820 56 43  
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Sample 
Code
Date 
Collected Soil Type pH
Conductivity 
(µS/cm)
Total N 
(mg/L)
TOC 
(mg/L)
TDS 
(mg/L)
Faecal 
Coliforms 
Chloride 
mg/L
3A 13-Sep Pod 6.6 1490 7.9 38 390 140 61
3B " Pod 6.6 2510 nd nd nd 7000 nd
8A " Pod 6.5 1630 nd nd nd 600 nd
8B " Pod 6.5 1000 6 37 320 12000 32
8C " Pod 6.7 970 3.6 16 260 5 58
8D " Pod 6.7 950 2.6 21 270 120 52
8T " Pod 7.8 3270 330 100 680 800000 nd
20A " Rearth 5.4 920 33 7 390 20 55
20B " Rearth 5.7 900 23 7 260 31 37
20T " Rearth 7.2 1770 70 100 330 220000 nd
21A " Rearth 5.6 1800 18 7 740 35 390
21B " Rearth 4.95 1740 3.3 8 560 1700 310
21T " Rearth 6.95 3520 220 130 1370 10000000 nd
EFFLUENT SAMPLES   13 SEPTEMBER 1999
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APPENDIX F 
 
PROFILES OF THE EFFLUENT SAMPLING PROGRAM 
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Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches 
Total Organic Carbon ( mg/L) 
87 
72 
32 
30 
40 
17 
23 
23 
Piezometer 2 
Piezometer 1 
Trenches 
Distribution 
Box Total Dissolved Solids (mg/L) ( 
760 
600 
420 
340 
460 
420 
410 
470 
System: Septic 
Effluent:  Blackwater 
Total N (mg/L) 
Note: Values plotted are for different sampling episodes 
Site 1 - Effluent Sampling Results 
Soil Type:  Yellow Podsolic 
Suburb: Pinjarra Hills 
Age: 4 years 
Piezometer 1 
Piezometer 2 
Trenches 
71 
190 
2.0 
1.7 
3.7 
2.6 
4.6 
4.8 
Distribution 
       Box 
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Chloride  (mg/L) 
Pizometer 1 
Piezometer  2 
Distribution 
Box 
Trenches 
41 
37 
51 
54 
Piezometer 2 
Piezometer1 
Distribution 
      Box 
Trenches Conductivity ( µ S/cm) 
4220 
2350 
1420 
1185 
1270 
1070 
Piezometer 2 
Piezometer 1 
Trenches 
Distribution 
Box 
pH 
8.1 
7.8 
6.9 
6.6 
6.9 
6.9 
Piezometer 2 
Piezometer1 
Distribution 
      Box 
Trenches Faecal Coliforms (cfu/100 mL) 
n.s 
>6000 
14000 
340 
120 
800 
9 
30 
40 
Site 1 (contd.) - Effluent Sampling Results 
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Piezometer 2 
Piezometer 1 
Total Organic Carbon (mg/L) 
Biocycle 
27 
41 
38 
ns 
34 
ns 
Piezometer 2 
Piezometer 1 
Boicycle 
Total Dissolved Solids (  mg/L) 
350 
460 
390 
ns 
500 
ns 
Soil Type:  GravellyYellow Podsolic 
Suburb: Bellbowrie 
System:  Biocycle 
Effluent: Black and Greywater 
Note: Values plotted are for different sampling episodes 
Site 3 - Effluent Sampling Results 
Age: 1 yr 
Piezometer 1 
Piezometer  2 
Biocycle 
2.9 
3.4 
7.9 
ns 
7.6 
ns 
Total N (mg/L) Spray lines 
terrace 
Spray lines 
terrace 
Spray lines 
terrace 
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Piezometer 2 
Piezometer 1 
pH (  mg/L) 
Biocycle 
6.8 
6.8 
6.6 
ns 
6.5 
6.6 
Piezometer 2 
Piezometer 1 
Boicycle 
Faecal coliforms (cfu/100 mL)  
10 
1 
140 
ns 
10 
7000 
Site 3 (contd.) - Effluent Sampling Results 
Piezometer 1 
Piezometer  2 
Biocycle 
1560 
1300 
1490 
ns 
1300 
ns 
Conductivity  ( mg/L) Spray lines 
terrace 
Spray lines 
terrace 
Spray lines 
terrace 
Piezometer 1 
Piezometer  2 
Biocycle 
56 
54 
61 
ns 
44 
ns 
Chloride  ( mg/L) Spray lines 
terrace 
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Total N (mg/L) 
Piezometer 1 
Piezometer 2 
Envirotech 
Tank 
Underground trickle feed 
Garden 
Sand 
Filter 43 
38 
31 
24 
3.8 
4.9 
3.8 
28 
Piezometer 2 
Piezometer 1 
Envirotech 
Tank 
Total Organic Carbon  (mg/L) 
Sand 
Filter 
Underground trickle feed 
Garden 
16 
18 
31 
33 
55 
42 
44 
34 
Note: Values plotted are for different sampling episodes 
Site 4 - Effluent Sampling Results 
Soil Type:  Yellow Podsolic 
Suburb: Bellbowrie 
System: Septic 
Effluent:  Black and Greywater 
Age: 5 yrs 
Total Dissolved Solids (mg/L) 
Piezometer 1 
Piezometer 2 
Envirotech 
Tank 
Underground trickle feed 
Garden 
Sand 
Filter 560 
650 
1350 
1170 
1240 
1180 
1020 
1400 
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Chlorid (mg/L) 
Piezometer 1 
Piezometer 2 
Envirotech 
     Tank 
Sand 
Filter 
Underground trickle feed 
Garden 
340 
330 
230 
440 
Piezometer 2 
Piezometer 1 
Envirotech 
     Tank 
Conductivity ( µ s/cm) 
Sand 
Filter 
Underground trickle feed 
Garden 1750 1350 
2730 
1980 
2230 
2780 
Site 4 (contd.)- Effluent Sampling Results 
Piezometer 2 
Piezometer 1 
Envirotech 
     Tank 
Faecal Coliforms (cfu/100 mL)) 
Sand 
Filter 
Underground trickle feed 
Garden n.s >6000 
<1 
<10 
<1 
<10 
pH  
Piezometer 1 
Piezometer 2 
Envirotech 
     filter 
Underground trickle feed 
Garden 
Sand 
Filter 5.9 
5.8 
7.2 
7.2 
7.5 
7.1 
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Distribution 
Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Box 
Trenches 
240 
300 
330 
ns 
24 
ns 
8.3 
7.9 
6 
Note: Values plotted are for different sampling episodes 
Site 8 - Blackwate, Effluent Sampling Results 
Soil Type:  Gravelly Yellow Podsolic 
Suburb: Anstead 
System: Septic 
Effluent:  Blackwater 
Age: 2.5 yrs 
Distribution 
Total Dissolved Solids  (mg/L) 
Piezometer 1 
Piezometer 2 
Box 
Trenches 
690 
280 
680 
ns 
410 
ns 
310 
220 
320 
Distribution 
Total Organic Carbon  (mg/L) 
Piezometer 1 
Piezometer 2 
Box 
Trenches 
93 
170 
100 
ns 
36 
ns 
46 
99 
37 
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  Distribution 
Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Box 
Trenches 
ns 
31 
ns 
33 
25 
32 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity  (µ S/cm) 
ns 
1160 
1630 
3610 
3490 
3270 
980 
700 
1000 
Site 8 (contd.) -Blackwater, Effluent Sampling Results 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches pH 
ns 
5.75 
6.5 
6.7 
7.9 
7.8 
6.2 
5.8 
6.5 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Faecal Coliforms (cfu/100 mL))  
ns 
7000 
600 
>6000 
>60000 
800000 
<10 
>6000 
12000 
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Sullage tank 
Total N   (mg/L) 
Piezometer 1 
Piezometer 2 
 Bark Mulch Beds 
1.7 
1.7 
3.6 
2.3 
1.3 
2.6 
Piezometer 2 
Piezometer 1 
Sullage tank 
Bark Mulch Beds Total Organic Carbon  (mg/L) 
9.6 
17 
16 
15 
15 
21 
Note: Values plotted are for different sampling episodes 
Site 8a – Greywater, Effluent Sampling Results 
Soil Type:  Gravelly Yellow Podsolic 
Suburb  Anstead 
System: Septic 
Effluent:  Greywater 
Age: 2.5 yrs 
Sullage tank 
Total Dissolved Solids (mg/L)   
Piezometer 1 
Piezometer 2 
 
 Bark Mulch Beds 
230 
290 
260 
240 
820 
270 
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Chloride (mg/L) 
  
Pizometer 1 
Piezometer 2 
Sullage tank 
Bark Mulch Beds 
45 
45 
58 
43 
43 
52 
Piezometer 2 
Piezometer 
Sullage tank 
Bark Mulch Beds Conductivity  (µ S/cm) 
1160 
1050 
970 
890 
975 
950 
Site 8a (contd.): Greywater, Effluent Sampling Results 
Sullage tank 
Faecal Coliforms (cfu/100 mL))   
Piezometer 1 
Piezometer 2 
 Bark Mulch Beds 
4 
1800 
5 
10 
56 
120 
Sullage tank 
pH   
Piezometer 1 
Piezometer 2 
 Bark Mulch Beds 
6.7 
6.3 
6.7 
6.8 
6.2 
6.7 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
170 
280 
62 
43 
60 
63 
14 
34 
Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches Total Organic Carbon   (mg/L) 
110 
180 
27 
28 
29 
22 
19 
22 
Soil Type:  Red/ Yellow Podsolic 
Suburb: Anstead 
System: Septic 
Effluent:  Blackwater 
Note: Values plotted are for different sampling episodes 
Site 9 - Effluent Sampling Results 
Age: 4 yrs 
Total Dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
580 
820 
3230 
4280 
3000 
2270 
3200 
1830 
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Chloride  (mg/L) 
Piezometer1 
Piezometer 2 
Distribution 
Box 
Trenches 
2300 
1600 
1700 
970 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity  ( µ S/cm) 
3360 
3000 
10060 
6370 
8150 
4750 
Site 9 (contd.) - Effluent Sampling Results 
Faecal Coliforms (cfu/100 mL))  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
ns 
>6000 
2800 
1100 
200 
3000 
4900 
190 
>6000 
pH  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
8.1 
8.0 
6.6 
5.7 
 
6.7 
6.2 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
75 
34 
2.5 
7 
2.3 
1.5 
2.3 
3.1 
Piezometer 2 
Piezometer  1 
Distribution 
       Box 
Total Organic Carbon  (mg/L) 
Sand 
Mound 
50 
110 
37 
18 
25 
25 
24 
31 
Soil Type:  Gleyed Podsolic 
Suburb: Moggill 
System: Subsurface Disposal 
Effluent:  Greywater 
Note: Values plotted are for different sampling episodes 
Site 10 - Effluent Sampling Results 
Age:  17 yrs 
Total Dissolved Solids (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
380 
410 
1090 
1300 
1260 
660 
1040 
940 
 166 
 
 
 
 
 
 
  
Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
390 
420 
500 
290 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Conductivity  ( µ S/cm) 
Sand 
Mound 
2170 
870 
2900 
2750 
2390 
2050 
Site 10 (contd.) - Effluent Sampling Results 
pH  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
7.5 
6.3 
7.3 
69 
 
6.9 
6.2 
Faecal Coliforms (cfu/100 mL)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Sand 
Mound 
ns 
3000 
>6000 
30 
1100 
580 
70 
>60000 
37000 
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Piezometer 2 
Piezometer 1 
Biocycle Total Organic Carbon  (mg/L) 
Bark Mulch Beds 
31 
30 
44 9.4 
15 
21 
Soil Type:  Prairie Soil  
Suburb: Brookfield 
System: Biocycle 
Effluent:  Black and  Greywater 
Note: Values plotted are for different sampling episodes 
Site 12 - Effluent Sampling Results 
Age: 4 yrs Piezometer 2 
Piezometer 1 
Biocycle Total N (mg/L) 
Bark Mulch Beds 
12 
10 
15 46 
36 
15 
Piezometer 2 
Piezometer 1 
Biocycle Total Dissolved Solids  (mg/L) 
Bark Mulch Beds 
340 
380 
420 520 
450 
310 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Biocycle 
Bark Mulch Beds 
70 
74 
59 
55 
Piezometer 2 
Piezometer 1 
Biocycle Conductivity ( µ S/cm) 
Bark Mulch Beds 
1160 
1310 
1360 
1095 
Site 12 (contd.) - Effluent Sampling Results 
Piezometer 2 
Piezometer 1 
Biocycle pH  
Bark Mulch Beds 
 
7.3 
6.6 
7.2 
6.5 
Piezometer 2 
Piezometer 1 
Biocycle Faecal Coliforms (cfu/100 mL))  
Bark Mulch Beds 
 
1800 
500 
11000 61 
26 
>6000 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
6.3 
28 
2.2 
5.7 
1.7 
ns 
4.7 
ns 
Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches Total Organic Carbon  (mg/L) 
19 
84 
17 
30 
25 
ns 
35 
ns 
Soil Type:  Prairie Soil 
Suburb: Brookfield 
System: Septic 
Effluent:  Blackwater 
Note: Values plotted are for different sampling episodes 
Site 13 - Effluent Sampling Results 
Age: 4.5 yrs 
Total Dissolved Solids (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
400 
460 
150 
190 
190 
ns 
260 
ns 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
7.9 
8.5 
15 
ns 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity ( µ S/cm) 
1480 
1140 
770 
830 
1330 
ns 
Site 13 (contd.)- Effluent Sampling Results 
pH  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
8.6 
6.9 
 
6.1 
5.7 
 
6.9 
ns 
Faecal Coliforms (cfu/100 mL))  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
ns 
<1 
12 
20 
390 
ns 
4100 
ns 
 
40 
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Total N ( mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
17 
4.4 
21 
ns 
4.3 
7.9 
Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches Total Organic Carbon  (mg/L) 
18 
26 
25 
ns 
45 
50 
Soil Type:  Lithosol 
Suburb: The Gap 
System: Septic 
Effluent:  Black and Greywater 
Note: Values plotted are for different sampling episodes 
Site 14 - Effluent Sampling Results 
Age: 4.5 yrs 
Total Dissolved Solids (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
520 
580 
500 
ns 
2540 
2300 
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Site 14 (contd.)- Effluent Sampling Results 
Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
49 
38 
47 
29 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity ( µ S/cm) 
470 
1090 
370 
780 
Piezometer 2 
Piezometer 1 
      Box 
Trenches Faecal Coliforms (cfu/100 mL)) 
2 
<100 
300 
<10 
 
- 
10 
Distribution 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches pH 
7.0 
6.1 
6.6 
5.6 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Dowmus 
Spray line 
71 
73 
1.5 
20 
15 
21 
23 
29 
Piezometer 2 
Piezometer 1 
Dowmus 
Spray lines 
Total Organic Carbon  (mg/L) 
14 
60 
28 
47 
50 
58 
54 
80 
Soil Type:  Lithosol 
Suburb: The Gap 
System: Dowmus 
Effluent:  Black and Greywater 
Note: Values plotted are for different sampling episodes 
Site 15 - Effluent Sampling Results 
Age: 1 yr 
Total Dissolved Solids (mg/L) 
Piezometer 1 
Piezometer 2 
Dowmus 
Spray line 
810 
760 
420 
500 
510 
760 
460 
410 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Dowmus 
Spray lines 
71 
66 
70 
54 
Piezometer 2 
Piezometer 1 
Dowmus 
Spray lines Conductivity ( µ S/cm) 
980 
1206 
840 
690 
910 
1284 
Site 15 (contd.)- Effluent Sampling Results 
Faecal Coliforms (cfu/100 mL))  
Piezometer 1 
Piezometer 2 
Dowmus 
Spray line 
ns 
40 
2200 
900 
20 
>6000 
>6000 
>60000 
pH  
Piezometer 1 
Piezometer 2 
Dowmus 
Spray line 
6.4 
6.2 
6.5 
5.6 
23 
29 
>6000 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Biocycle 
Wetland 
5.4 
3.3 
4 
8.3 
7.2 
7.9 
Piezometer 2 
Piezometer 1 
Biocycle 
Wetland Total Organic Carbon  (mg/L) 
52 
34 
40 
94 
74 
65 
Soil Type:  Sandy Podsolic 
Suburb: Keperra 
System: Biocycle 
Effluent:  Black and Greywater 
Note: Values plotted are for different sampling episodes 
Site 17 - Effluent Sampling Results 
Age: 5 yrs 
Total Dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Biocycle 
Wetland 
480 
390 
400 
850 
830 
690 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Biocycle 
Wetland 
53 
49 
89 
66 
Piezometer 2 
Piezometer 1 
Biocycle 
Wetland 
Conductivity ( µ S/cm) 
552 
600 
1100 
965 
1400 
1500 
Site 17 (contd.) - Effluent Sampling Results 
pH  
Piezometer 1 
Piezometer 2 
Biocycle 
Wetland 
7.1 
7.1 
6.4 
7.1 
7.1 
6.5 
Faecal Coliforms (cfu/100 mL))  
Piezometer 1 
Piezometer 2 
Biocycle 
Wetland 
3 
<10 
3 
<1 
<10 
2 
 177 
  Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
170 
320 
2.6 
2.5 
6.5 
2.3 
2 
5.2 
Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches Total Organic Carbon  (mg/L) 
86 
180 
37 
26 
30 
28 
20 
29 
Soil Type:  GravellyLithosol 
Suburb:  Upper Kedron 
System: Septic 
Effluent:  Black and Greywater 
Note: Values plotted are for different sampling episodes 
Site 18 - Effluent Sampling Results 
Age: 14 yrs 
Total dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
550 
720 
720 
440 
590 
390 
520 
690 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
46 
40 
36 
30 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity ( µ S/cm) 
2070 
3010 
562 
670 
1175 
374 
490 
1070 
8.3 
7.2 
7.3 
7.4 
6.8 
7.6 
7 
6.5 
Site 18 (contd.)- Effluent Sampling Results 
n.s 
>6000 
>60000 
>6000 
>6000 
>60000 
>6000 
>6000 
400 
pH  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
Faecal Coliforms (cfu/100 mL))  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
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Piezometer 2 
Piezometer 1 
Dowmus 
Garden Drip feed Total Organic Carbon  (mg/L) 
14 
28 
9 
12 
16 
11 
7 
9.6 
Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Dowmus 
Garden Drip feed 
1.2 
1 
10 
44 
28 
12.6 
8.9 
3.3 
Soil Type:  Yellow Podsolic  
Suburb:  Burpengary 
System:  Dowmus 
Effluent:  Black and Greywater 
Note: Values plotted are for different sampling episodes 
Site 19 - Effluent Sampling Results 
Age:  1.5 yrs 
Total Dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Dowmus 
Garden Drip feed 
560 
470 
420 
690 
510 
960 
900 
660 
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Piezometer 2 
Piezometer 1 
Dowmus 
Garden drip feed Conductivity ( µ S/cm) 
1070 
1014 
435 
820 
881 
1008 
1680 
1448 
6 
6.1 
5.9 
6.4 
5.7 
5.6 
6.4 
5.6 
Chloride ( mg/L) 
Piezometer 1 
Piezometer 2 
Dowmus 
Garden Drip feed 
190 
170 
410 
320 
Site 19 (contd.)- Effluent Sampling Results 
n.s 
5500 
>6000 
<1 
<10 
540 
<1 
<10 
1 
Piezometer 2 
Piezometer 1 
Dowmus 
Garden drip feed Faecal Coliforms (cfu/100 mL))  
Piezometer 2 
Piezometer 1 
Dowmus 
Garden drip feed pH 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
49 
53 
70 
27 
34 
33 
29 
25 
23 
Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches Total Organic Carbon  (mg/L) 
78 
83 
100 
7 
7 
7 
5 
5 
7 
320 
330 
330 
320 
430 
390 
340 
260 
260 
Soil Type:  Krasnozems 
Suburb:  Bridgeman Downs 
System:  Septic 
Effluent:  Black water 
Note: Values plotted are for different sampling episodes 
Site 20 - Effluent Sampling Results 
Age:  3.5 yrs 
Total Dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
36 
56 
55 
41 
36 
37 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity (µS/cm) 
  
1780 
1128 
1770 
1030 
751 
920 
1306 
881 
900 
7.7 
7.1 
7.2 
5.8 
5.2 
5.4 
5.8 
5.7 
5.7 
Site 20 (contd.) - Effluent Sampling Results 
>6000 
>60000 
220000 
10 
14 
20 
<10 
<1 
31 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches pH 
 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Faecal Coliforms (cfu/100 mL)) 
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Total N  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
200 
150 
220 
14 
46 
18 
3.9 
6 
3.3 
Piezometer 2 
Piezometer 1 
Distribution 
       Box 
Trenches Total Organic Carbon  (mg/L) 
110 
100 
130 
7 
46 
7 
7 
5 
8 
Distribution 
Box 
1270 
1240 
1370 
800 
870 
740 
670 
620 
560 
Soil Type:  Krasnozems 
Suburb:  Bridgeman Downs 
System:  Septic 
Effluent:  Blac water 
Note: Values plotted are for different sampling episodes 
Site 21 - Effluent Sampling Results 
Age:  4 yrs 
Total Dissolved Solids (mg/L)  
Piezometer 1 
Piezometer 2 
Trenches 
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Chloride  (mg/L) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
340 
400 
390 
330 
330 
310 
Piezometer 2 
Piezometer 1 
Distribution 
      Box 
Trenches Conductivity ( µ S/cm) 
3410 
3400 
3520 
1640 
2070 
1800 1404 
1260 
1740 
6.9 
7.4 
7.0 
5.9 
6.2 
5.6 
5 
5.8 
5 
Site 21 (contd.) - Effluent Sampling Results 
>6000 
>60000 
10000000 
5600 
<1 
35 
<10 
<1 
1700 
pH  
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
Faecal Coliforms (cfu/100 mL) 
Piezometer 1 
Piezometer 2 
Distribution 
Box 
Trenches 
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APPENDIX G 
 
TABULATED RESULTS FROM THE SOIL SAMPLING 
PROGRAM 
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Sample 
Code Soil Type
Depth      
m pH
Conductivity 
(µS/cm) Sand % of Silt Clay Permeability
Chloride 
(mg/L)
10A GPod 0.3 6.4 1160 50 30 20 Mod 17
10A GPod 0.7 6.1 1360 15 10 75 V Low 400
10B GPod 0.3 6.2 1441 50 30 20 Mod 15
10B GPod 0.6 6.4 1143 10 15 75 Low 380
10B GPod 0.8 5.8 1370 10 15 75 V Low 450
10C GPod 0.2 5.9 1663 10 45 45 Low 2.6
10C GPod 0.3 6.4 2430 15 40 45 Low 1.9
10C GPod 0.4 6.2 3910 20 40 40 Low 2.1
10C GPod 0.5 6.2 450 20 10 70 V Low 220
15A Lith 0.4 5.3 156 60 20 20 High 19
15A Lith 0.7 5.6 59 70 20 10 High 4.6
15A Lith 0.9 5.4 71 60 20 20 Mod 4.1
15A Lith 1.1 5.6 70 60 10 20 Low 5.2
15B Lith 0.3 5.8 175 80 10 10 High 3.3
15B Lith 0.5 5.8 131 60 30 10 High 3.8
15B Lith 0.7 5.3 128 60 20 20 Mod 4.2
15B Lith 0.9 5.6 82 40 30 30 Low 7
15C Lith 0.2 5.2 63 60 20 20 High 2.3  
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Sample 
Code Soil Type
Depth      
m pH
Conductivity 
(µS/cm) Sand % of Silt Clay Permeability
Chloride 
(mg/L)
18A Lith 0.2 6.8 2041 40 40 20 High 4.1
18A Lith 0.3 6.4 1221 30 40 30 Mod 4.8
18A Lith 0.6 6.2 5000 10 40 50 Low 8.3
18A Lith 0.8 6.9 5140 5 50 45 Low 12
18B Lith 0.1 7.1 751 40 40 20 High 4.1
18B Lith 0.3 6.8 1104 10 25 65 Low 4.2
18B Lith 0.7 6.6 1698 10 10 80 V Low 4.2
18C Lith 0.1 6.9 325 30 50 20 Mod 140
18C Lith 0.4 5.9 864 20 30 50 Low 500
18C Lith 0.5 5.4 181 20 40 40 Low 120
4A Pod 0.1 6.4 256 75 20 5 High 3.3
4A Pod 0.4 6.3 117 80 10 10 High 5.9
4A Pod 0.7 5.6 245 80 10 10 Mod 15
4A Pod 0.9 5.7 121 60 20 20 Mod 8.2
4B Pod 0.2 6.4 120 80 10 10 High 6.8
4B Pod 0.4 6.6 88 80 10 10 High 4.7
4B Pod 0.7 5.6 308 70 10 20 Mod 36
4B Pod 0.9 5.2 242 50 10 40 Mod 37
4C Pod 0.02 5.6 64 80 10 10 High 2.7
4C Pod 0.35 5.4 39 90 10 0 High 1  
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Sample 
Code Soil Type
Depth      
m pH
Conductivity 
(µS/cm) Sand % of Silt Clay Permeability
Chloride 
(mg/L)
1A Pod 0.4 6.6 1410 30 40 30 Mod 6.9
1A Pod 0.7 6.7 4350 10 50 40 Low 6
1B Pod 0.4 7.2 1551 20 50 30 Mod 4.3
1B Pod 0.7 7 1653 10 20 70 Low 8.6
1C Pod 0.05 7.1 835 20 15 65 Mod 180
1C Pod 0.13 7.3 981 45 15 40 Mod 530
1C Pod 0.25 6.9 879 30 10 60 V Low 380
1C Pod 0.4 6.9 879 30 20 50 V Low 380
8A-G Pod 0.3 5.4 280 90 10 0 High 6
8A-G Pod 0.6 5.7 190 75 20 5 Mod 10
8A-G Pod 0.8 5.9 200 85 10 5 Mod 35
8A-G Pod 1 6.2 260 80 10 10 Mod 53
8B-G Pod 0.1 5.5 370 70 25 5 High 11
8B-G Pod 0.4 5.5 190 70 20 10 Mod 11
8B-G Pod 0.7 6 120 60 30 10 Mod 24
8B-G Pod 0.9 ns ns 60 30 10 Low
8B-G Pod 1 ns ns 70 15 15 Low
8B-G Pod 1.1 8.2 210 65 20 15 Low 35  
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Sample 
Code Soil Type
Depth      
m pH
Conductivity 
(µS/cm) Sand % of Silt Clay Permeability
Chloride 
(mg/L)
9A Pod 0.2 6.2 10770 35 35 30 Mod 39
9A Pod 0.5 5.9 1620 10 10 80 V Low 610
9A Pod 0.9 6.2 953 5 10 85 V Low 810
9B Pod 0.1 6.2 1790 40 50 10 Mod 70
9B Pod 0.3 6.3 2241 25 45 30 Low 21
9B Pod 0.5 6.1 528 20 15 65 V Low 460
9B Pod 0.7 5.8 1330 10 10 80 V Low 470
9B Pod 0.9 5.8 1123 10 10 80 V Low 720
9C Pod 0.1 6.2 449 30 40 30 Mod 160
9C Pod 0.4 6.1 222 15 25 60 V Low 120
12A Prairie 0.1 6.8 495 60 20 20 Mod 7.8
12A Prairie 0.4 6.8 408 70 10 20 Mod 3.4
12A Prairie 0.6 6.5 223 70 20 10 Low 3.7
12A Prairie 0.8 6.8 143 60 20 20 V Low 2.8
12B Prairie 0.3 6.6 381 70 10 20 Mod 3.5
12B Prairie 0.9 6.2 108 50 40 10 Low 1.5
12C Prairie 0.2 6.8 563 60 30 10 High 3.1
12C Prairie 0.4 6.8 265 70 10 20 Mod 2
12C Prairie 0.5 6.9 137 70 20 10 Mod 1.9  
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Sample 
Code Soil Type
Depth      
m pH
Conductivity 
(µS/cm) Sand % of Silt Clay Permeability
Chloride 
(mg/L)
13A Prairie 0.3 6.5 325 60 20 20 Mod 3.3
13A Prairie 0.6 6.8 212 70 20 10 Mod 1.5
13A Prairie 0.9 6.7 136 65 20 15 Low 1.2
13A Prairie 1 6.5 97 60 20 20 Low 2.2
13B Prairie 0.25 6.8 278 60 30 10 Mod 2.1
13B Prairie 0.5 7.1 198 40 40 20 Low 1.9
13B Prairie 0.7 7.3 124 60 20 20 Low 1.3
13C Prairie 0.3 6.8 356 50 35 15 Mod <1
20A Rearth 0.2 5.9 160 60 35 5 High <1
20A Rearth 0.4 6 112 60 30 10 High <1
20A Rearth 0.6 5.9 93 60 30 10 Mod <1
20A Rearth 0.8 5.5 103 50 30 20 Low 1.3
20B Rearth 0.3 5.9 170 60 30 10 High 1.1
20B Rearth 0.5 6 57 70 20 10 High 1.2
20B Rearth 0.6 5.4 42 60 30 10 Mod 1.3
20B Rearth 0.8 4.7 63 50 30 20 Low 1.8
20B Rearth 1.2 4.4 63 50 40 10 Low 2.3
20C Rearth 0.4 4.9 64 60 30 10 High <1  
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Sample 
Code Soil Type
Depth      
m pH
Conductivity 
(µS/cm) Sand % of Silt Clay Permeability
Chloride 
(mg/L)
21A Rearth 0.2 6 129 70 15 15 Mod 17
21A Rearth 0.4 6 261 70 20 10 High 25
21A Rearth 0.7 5.4 205 70 20 10 Mod 46
21A Rearth 1 4.6 213 70 10 20 Low 61
21B Rearth 0.2 5.7 120 70 20 10 High 18
21B Rearth 0.4 5.8 214 50 30 20 Mod 16
21B Rearth 0.7 5.5 169 60 30 10 Mod 31
21B Rearth 1 5.1 200 70 20 10 Mod 53
21C Rearth 0.2 5.5 110 70 10 20 High 5.9  
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APPENDIX H 
 
PROFILES FROM THE SOIL SAMPLING PROGRAM 
 193 
 
  
Control 
Piezometer 1 
Peizometer 2 
200 
150 
120 
90 
100 
60 
1410 
4350 
A 
B 1.32m 
Trenches 
0.8m 
1550 
1650 
0.8m 
C 
Jointed Shale 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
7.4 
<1 
6.4 
<1 
<1 
<1 
6.9 
6 
4.3 
7 
A 
B 1.32m 
Trenches 
0.8m 
0.8m 
C 
Site 1 - Soil sampling results 
Suburb:  Pinjarra Hills 
Soil Type:  Yellow podsolic 
System:  Septic 
Effluent:  Blackwater 
 
Note:  values plotted are for different  
sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
Conductivity Profile (µS/cm) 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
120 
60 
90 
80 
90 
256 
117 
245 
121 
120 
88 
308 
242 
A 
B 
SAND 
MOUND 
1.2m 
0.9m 
1.0m 
C 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
7.3 
<1 
26 
59 
89 
3.3 
5.9 
15 
8.2 
6.8 
4.7 
36 
37 
A 
B 
SAND 
MOUND 
1.2m 
0.9m 
1.0m 
C 
Site 4 - Soil sampling results 
Suburb:  Bellbowrie 
Soil Type:  Yellow podsolic 
System:  Envirotech 
Effluent:  Black and greywater 
 
Note: values plotted are for different 
Sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
170 
120 
100 
110 
220 
280 
190 
200 
260 
370 
190 
120 
210 
A 
B 
1.0m 
1.1m 
1.0m 
Residual Soil 
Trenches 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
6.1 
<1 
<1 
<1 
8.1 
6.3 
10.4 
35 
57.5 
10.8 
10.7 
24.1 
34.7 
A 
B 
1.0m 
1.0m 
1.1m 
Residual Soil 
Trenches 
Site 8 - Soil sampling results 
Suburb:  Anstead 
Soil Type:  Yellow gravelly podsolic 
System:  Septic 
Effluent:  Blackwater  
 
Note:  values plotted are for different 
sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
140 
110 
140 
370 
55 
1077 
1620 
953 1790 
2241 
528 
1330 
1123 
A 
B 
1.1m 
1.0m 
1.0m 
Trenches 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
15.5 
47.5 
127 
455 
681 
39 
610 
810 
70 
21 
460 
470 
720 
A 
B 
1.1m 
1.0m 
1.0m 
Trenches 
Site 9 - Soil sampling results 
Suburb:  Anstead  
Soil Type:  Red/yellow Podzolic 
System:  Septic  
Effluent:  Blackwater 
 
Note:  values plotted are for different 
sampling depths 
 
 horizon boundary 
 197 
 
 
 
  
Conductivity Profile (mS/cm) 
Control 
Piezometer 1 
Piezometer 2 
70 
96 
129 
220 
240 
1160 
1360 
1440 
1145 
1370 
A 
B 
SAND 
MOUND 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
30 
37 
75 
94 
117 
17 
400 
15 
380 
450 
A 
B 
SAND 
MOUND 
Site 10 - Soil sampling results 
Suburb:  Moggill  
Soil Type:  Gleyed podsolic 
System:  Subsurface Disposal  
Effluent:  Grey water 
 
 
Note:  values plotted are for different 
sampling depths 
 
            horizon boundary 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
470 
150 
495 
408 
223 
143 
381 
108 
A 
B 0.6m 
Bark Mulch Beds 
0.8m 
0.9m 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
21 
9 
7.8 
3.4 
3.7 
2.8 
3.5 
1.5 
A 
B 0.6m 
0.8m 
Bark Mulch Beds 
Site 12 - Soil sampling results 
Suburb: Brookfield 
Soil Type:  Prairie soil 
System: Biocycle  
Effluent: Black and greywater 
 
 
Note:  values plotted are different sampling 
depths 
 
 horizon boundary 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
300 
220 
100 
70 
80 
325 
212 
136 
97 
278 
198 
124 
A 
B 
1.2m 
1.0m 
0.8m 
Weathered Spillite 
Trenches 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
13.3 
10.9 
6.9 
12 
7 
3.3 
1.5 
1.2 
2.2 
2.1 
1.9 
1.3 
A 
B 
Trenches 
1.2m 
1.0m 
0.8m 
Weathered Spillite 
Site 13 - Soil sampling results 
Suburb:  Brookfield  
Soil Type:  Prairie soil 
System:  Septic 
Effluent:  Blackwater 
 
 
Note:  values plotted are for 
different sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
80 
80 
156 
59 
71 
70 
175 
131 
128 
82 
A 
B 
SAND 
FILTER 
Dowmus 
0.5m 
1.2m 
1.0m 
Decomposed Granite 
Chloride Profile (mg/Kg) 
Piezometer  2 
Piezometer 1 
Control 
11 
17 
19 
4.6 
4.1 
5.2 
3.3 
3.8 
4.2 
7.0 
A 
B 
SAND 
FILTER 
Dowmus 
0.5m 
1.2m 
1.0m 
Decomposed Granite 
Site 15 - Soil sampling results 
Suburb:  The Gap 
Soil Type:  Lithosol 
System:  Dowmus 
Effluent:  Black and greywater 
 
 
Notes:  values plotted are for 
different sampling depths 
 
 horizon boundary 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer  2 
150 
70 
70 
90 
50 
2041 
1221 
5000 
5140 
751 
1104 
1698 
A 
B 
Trenches 
0.9m 
0.85m 
0.8m 
Weathered Phyllite 
Chloride Profile (mg/Kg) 
Piezometer  2 
Piezometer 1 
Control 
30.7 
12.6 
13.7 
35.7 
12.4 
4.1 
4.8 
8.3 
12 
4.1 
4.2 
4.2 
A 
B 
0.9m 
0.85m 
Trenches 
0.8m 
Weathered Phyllite 
Site 18 - Soil sampling results 
Suburb: Upper Kedron 
Soil Type: Lithosol 
System:  Septic 
Effluent:  Black and greywater 
 
 
Note: values plotted are different  
sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
70 
85 
160 
112 
93 
103 
170 
57 
42 
63 
63 
A 
B 
0.5m 
Trenches 
1.2m 
1.2m 
Mottling present 
Chloride Profile (mg/Kg) 
Piezometer 2 
Piezometer 1 
Control 
17 
21 
<1 
<1 
<1 
1.3 
1.1 
1.2 
1.3 
1.8 
2.3 
A 
B 
Trenches 
1.2m 
0.5m 
1.2m 
Mottling present 
Site 20 - Soil sampling results 
Suburb: Bridgeman Downs 
Soil Type:  Krasnozems 
System:  Septic 
Effluent:  Blackwater 
 
 
Note:  values plotted are for different 
sampling depths 
 
 horizon boundary 
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Conductivity Profile (µS/cm) 
Control 
Piezometer 1 
Piezometer 2 
200 
140 
100 
100 
90 
129 
261 
205 
213 
120 
214 
169 
200 
A 
B 
Trenches 
1.3m 
1.2m 
1.2m 
Mottling present 
Chloride Profile (mg/Kg) 
Piezometer  2 
Piezometer 1 
Control 
8.9 
18 
46 
49 
47 
17 
25 
46 
61 
18 
16 
31 
53 
A 
B 
Trenches 
1.3m 
1.2m 
1.2m 
Mottling present 
Site 21 - Soil sampling results 
Suburb:  Bridgeman Downs 
Soil Type:  Krasnozems 
System:  Septic 
Effluent:  Blackwater 
 
 
Note:  values plotted are for different  
sampling depths 
 
 horizon boundary 
